The Use of Selected Water Quality Parameters to Identify Fecal Coliform Sources in Support of the Sinking Creek Total Maximum Daily Load. by Floresguerra, Susana Maria
East Tennessee State University
Digital Commons @ East
Tennessee State University
Electronic Theses and Dissertations Student Works
12-2003
The Use of Selected Water Quality Parameters to
Identify Fecal Coliform Sources in Support of the
Sinking Creek Total Maximum Daily Load.
Susana Maria Floresguerra
East Tennessee State University
Follow this and additional works at: https://dc.etsu.edu/etd
Part of the Environmental Health and Protection Commons, and the Environmental Monitoring
Commons
This Thesis - Open Access is brought to you for free and open access by the Student Works at Digital Commons @ East Tennessee State University. It
has been accepted for inclusion in Electronic Theses and Dissertations by an authorized administrator of Digital Commons @ East Tennessee State
University. For more information, please contact digilib@etsu.edu.
Recommended Citation
Floresguerra, Susana Maria, "The Use of Selected Water Quality Parameters to Identify Fecal Coliform Sources in Support of the
Sinking Creek Total Maximum Daily Load." (2003). Electronic Theses and Dissertations. Paper 807. https://dc.etsu.edu/etd/807
The Use of Selected Water Quality Parameters to Identify Fecal Coliform Sources in 
Support of the Sinking Creek Total Maximum Daily Load 
 
________________________ 
 
 
 
A thesis  
presented to 
 the faculty of the Department of Environmental Health 
East Tennessee State University 
 
 
In partial fulfillment  
of the requirements for the degree 
Masters in Environmental Health Science 
 
 _______________________ 
 
 
 
by 
S. María Floresguerra 
December 2003 
 
 
_______________________ 
 
 
 
Dr. Phillip Scheuerman, Chair 
Dr. Kurt Maier 
Dr. John Kalbfleisch 
 
Keywords: Sinking Creek, TMDL, nitrate-N, orthophosphate (as PO43-), alkalinity, 
hardness, biochemical oxygen demand, optical brighteners, water quality parameters 
 
 
 
ABSTRACT 
 
 
 
The Use of Selected Water Quality Parameters to Identify Fecal Coliform Sources in 
Support of the Sinking Creek Total Maximum Daily Load 
by  
 
S. María Floresguerra 
 
 
 
Sinking Creek, located in upper east Tennessee, is on the 303(d) list for not meeting 
minimum water quality standards for recreation.  A Total Maximum Daily Load (TMDL) 
for fecal coliforms was developed. The purpose of this study was to investigate the use of 
water quality parameters to identify areas that contribute to the fecal coliform loading.  
Concentrations of nitrate-N, orthophosphates, BOD, alkalinity, hardness, and optical 
brighteners (OB) were monitored at 14 stations monthly for 1 year.  Site 3 (agricultural 
region) exhibited the highest average nitrate-N loadings (627.34 mg/sec) and 
orthophosphate (as PO43-) loadings (84.83 mg/sec).  Alkalinity loadings ranged from 
10.00 mg as CaCO3/sec to 163,500.00 mgCaCO3/sec.  Hardness loadings ranged from 
2.00 mg as CaCO3/sec to 96,200.00 mgCaCO3/sec.  The agricultural sites exhibited 
higher loadings for all water quality parameters measured (except OB) than the urban and 
forest areas.  Nutrient loadings appeared to be related to agricultural land use patterns. 
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CHAPTER 1 
INTRODUCTION 
Background 
Fecal contamination of surface waters is a global problem.  Fecal pollution is a 
serious environmental problem that affects many regions in the United States (Bernhard 
and Field 2000).  Waterborne pathogens associated with fecal pollution can lead to 
human disease and the degradation of water quality.  Non-point sources of fecal pollution 
that contribute to the contamination of surface waters are difficult to identify (Hagedorn 
and others 1999).  These sources may include failed septic systems, run-off from 
agricultural and urban areas.  Additional sources of non-point source fecal pollution 
include soil runoff, illicit discharges, construction areas, wildlife, domestic animals, 
logging sites, and riverbank erosion  (US EPA 2002c; TDEC 2000). 
Organic pollutants enter surface waters in various forms such as sewage, leaves, 
grass clippings, and runoff from livestock feedlots and pastures (TDEC 2000).  
Agricultural activities increase nitrogen and phosphorus in runoff, contributing to the 
eutrophication of surface waters (Grunditz and Dalhammmar 2001).  Symptoms of 
excessive eutrophication include algal blooms, low dissolved oxygen, fish kills, and 
outbreaks of pathogenic microorganisms (Stow and others 2001).  Identification of non-
point sources could aid in the restoration of the water quality, reduce the danger of 
diseases resulting from exposure to contaminated water, and reduce the amount of 
nutrients in the water (Hagedorn and others 1999). 
The main non-point sources of fecal coliforms in the Sinking Creek watershed 
were attributed to stormwater runoff and pastureland.  Other potential nonpoint sources 
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included wildlife, agriculture, illicit discharges from sanitary waste, failing septic 
systems, overflow from the sanitary sewer system, runoff from improper disposal of 
waste materials, and domestic animals (TDEC 2000). 
The Tennessee Department of Environment and Conservation (TDEC) has 
identified Sinking Creek in Johnson City, TN, as a watershed that violates the designated 
use criteria for fecal coliform bacteria.  Sinking Creek does not meet minimum water 
quality standards for fecal coliform bacteria due to urban runoff, storm water and 
pastureland.  Sinking Creek does not support its designated use for recreation (TDEC 
2000).   Section 303(d) of the Clean Water Act requires states to identify and list water 
bodies that do not meet water quality standards.  States are required to establish total 
maximum daily loads (TMDL).  The purpose of the TMDL is to identify point and non-
point sources of pollution and allocate pollution control needs to improve the quality of 
waters identified as impaired (TDEC 2000).  
 
Objectives 
The objective of this study was to use selected water quality parameters (nitrates-
N, orthophosphates (PO43-), alkalinity (as CaCO3), hardness (as CaCO3), BOD, and OB) 
to identify areas near Sinking Creek that contain significant fecal coliform sources.  
Another objective was to evaluate the effect of land use and seasonality on fecal coliform 
loading in Sinking Creek.  The last objective was to evaluate optical brighteners as tools 
to differentiate between human and animal sources of fecal pollution.  To accomplish 
this, optical brighteners were monitored monthly for a year at 14 sites in Sinking Creek. 
 11
Results and Benefits Expected 
 Results of this study will be used to help identify point and non-point sources of 
fecal coliform contamination in Sinking Creek.  Using optical brighteners may help 
differentiate between animal and human fecal pollution.  Measurements of chemical 
parameters, including nitrate as nitrogen, orthophosphates (as PO43-), alkalinity, 
biochemical oxygen demand, and hardness can also be used to identify sources of fecal 
pollution.  
 
Limitations 
The analysis of other water quality parameters such as chlorine, ammonium, 
nitrite, metals, total dissolved solids, pharmaceuticals, and caffeine would have been of 
value in aiding to identify sources of fecal pollution in Sinking Creek.  However, the 
variables measured in this study were chosen based on the objectives, economics, and 
time factor. 
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CHAPTER 2 
LITERATURE REVIEW 
 
The Clean Water Act is a 1977 amendment to the Federal Water Pollution Control 
Act of 1972 that established the regulation of pollutant discharges in natural waters of the 
United States (EPA 2002).  Prior to 1987, regulations were focused on point source 
pollution, which is discharged from discrete sources such as pipes and outfalls. 
Amendments in 1987 authorized states to address non-point source pollution such as 
storm-water runoff from construction sites, farmlands, wooded areas, and urban areas by 
developing and implementing non-point source pollution management programs.  Non-
point sources contribute to the nation’s water pollution problems (EPA 2002).   Non-
point sources of pollution are not subject to Clean Water Act permits or other regulatory 
requirements under federal law (Copeland 1999; EPA 2002). 
Section 303(d) of the Clean Water Act requires each state to identify and list 
waters that do not meet minimum water quality standards for their designated use 
classification.  Listed waters are prioritized according to the severity of the pollution and 
designated use classifications.  States are required to develop a Total Maximum Daily 
Load (TMDL) for each water body and for the pollutant causing the impairment.  
TMDLs quantify the pollutant loading that a water body can receive and still support its 
designated uses.  Implementation of the TMDL includes identifying the source of 
pollution and recommending regulatory or other actions such as Best Management 
Practices (BMP) to improve the water quality of such waters.   BMPs refer to practices 
that control erosion and storm water flows, limit livestock access to creeks, restore stream 
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bank habitats, detect illicit discharges, maintain stream buffer zones, and educate the 
public.  The U.S. EPA Region IV approved Tennessee’s 303(d) list on September 17, 
1998.   As part of the 303(d) program the Tennessee Department of Environment and 
Conservation (TDEC) has identified Sinking Creek (TN06010103NSINKINGCR) 
located in Washington and Carter counties in Tennessee, as a watershed that violates the 
designated use criteria for fecal coliform bacteria (HUC 06010102, Fecal Coliform 
TMDL).  The authors of the TMDL document concluded that Sinking Creek does not 
meet minimum fecal coliform standards for recreation due to loadings from urban runoff, 
storm-water, and pastureland (TDEC 2000). 
 
Selected Chemical Water Quality Parameters 
Optical Brighteners   
The use of chemical markers is a recently developed strategy for the identification 
of human vs. animal fecal pollution (Lane 1999).  Optical brighteners can be used as 
tracers to indicate sources of contamination (Sargeant 1999). Optical brighteners are 
chemical compounds that are added to nearly all-commercial laundry detergents (Stoll 
and Giger 1998; Fletcher and Scott 1999).  Optical brighteners (OB) or Fluorescent 
Whitening Agents (FWA) are chemical organic compounds that have high affinity for 
textiles, paper, and plastic (Poiger and others 1998).  Optical brighteners re-emit most of 
the absorbed energy as blue fluorescent light when exposed to ultraviolet light (350 nm).  
Different kinds of OB are applied to the vast majority of detergents to help brighten 
clothes by replenishing OB lost from clothes during wear and washing (Poiger and others 
1998; Fletcher and Scott 1999; Poiger and others 1999).  The presence of OB is an 
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indication that laundry effluents are present in sewage or septic systems, and are 
potentially good indicators of human sewage waste release into surface and ground 
waters.  Optical brighteners used in detergents are not biodegraded but they are degraded 
photochemically (Stoll and Giger 1998).   Alhajjar and others (1990) have indicated that 
the fluorescence in natural waters cannot always be linked directly to pollution from 
septic tanks, sewage treatment plants, and landfills.  The measured fluorescence can also 
result from naturally occurring compounds unrelated to human pollution (Alhajjar and 
others 1990).  
Orthophosphate (as PO43-) 
 Several chemical parameters are used to assess the quality of effluents that are 
discharged to natural waters.  Nitrogen and phosphorus are essential and often limiting 
nutrients in aquatic environments.   In many countries including the United States, 
phosphorus is one of the most frequently identified pollutants of surface waters (Havens 
and Schelske 2001).    In the environment, natural phosphate deposits release phosphorus 
during erosion, weathering, and leaching.   Anthropogenically, the release of 
orthophosphates is caused by runoff that originates from industrial, residential, urban, and 
agricultural sources.  Agriculture is the primary source of phosphorus entering surface 
waters (Havens and Schelske 2001).   High inputs of phosphorus contribute to the growth 
of algae and blooms of noxious cyanobacteria, which are symptoms of eutrophication 
(Wiggins and others 1999; Havens and Schelske 2001).   
Nitrates-N 
Nitrates are commonly found as a contaminant of surface waters due to the 
increased use of fertilizers with high nitrogen content. Agricultural activities increase 
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nitrogen in runoff, contributing to the eutrophication of surface waters (Grunditz and 
Dalhammmar 2001).  Feedlots, animal yards, septic systems, decaying plant tissue, and 
poultry production generate high nitrogen containing wastes that can be discharged into 
groundwater, surface water, and soil (Chow and Hong 2002; Costa and others 2002).   
Nitrates are water-soluble, stable, and do not bind to soil; therefore, they are transported 
by water from land surface runoff into soil and drinking water supplies (Ellis and others 
1998; Nohoglu and others 2002).  Nitrate is regulated in drinking water because excess 
levels cause methemoglobinemia, also called “blue baby” syndrome (Boumann and 
others 2002; Nuhoglu and others 2002).    Nitrate concentrations of more than 10 mg 
NO3-N/L may cause methemoglobinemia in infants (Chow and Hong 2002).  The toxicity 
of nitrate in humans is a result of the reduction of nitrate to nitrite. Nitrite reacts with 
hemoglobin and forms methemoglobin (MHb), which does not bind and transport oxygen 
to tissues (Chow and Hong 2002).  In adults, nitrites may react with certain amines 
present in foods to produce nitrosamines, compounds known to cause cancer (Chow and 
Hong 2002).   The US EPA has set the drinking water limit of 10 mg/L for nitrate as 
nitrogen, 44.26 mg/L for nitrates, and 1 mg/L for nitrite as nitrogen (RAIS 1998; Reddy 
and Lin 2000; Bouman and others 2002, Costa and others 2002, Nohoglu and others 
2002; EPA 2002b).   
Biochemical Oxygen Demand 
Biochemical Oxygen Demand (BOD) is used as a measurement of the amount of 
oxygen required by microorganisms to decompose organic matter under aerobic 
conditions (APHA 1995).  The consumption of dissolved oxygen during the 
biodegradation of pollutants may affect the respiration of fish and other aquatic life 
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(Ferree and Shannon 2001).  BOD is therefore an indirect measurement of the organic 
material present in such waters (APHA 1995).   
Alkalinity 
Alkalinity of surface waters is primarily due to the presence of hydroxide, 
carbonate, and bicarbonate, but borates, silicates, phosphates, and humic acids may also 
be present in small amounts.  These weak-acid salts act as buffers and resist a drop in pH 
(Sawyer and others 1994; APHA 1995).  Alkalinity is an important measure of a stream’s 
ability to neutralize acids. A decrease in pH affects aquatic life (Manahan 2000). During 
the spring and fall, rapid changes in pH may occur in a stream.  Increased input of 
organic matter in the fall and heavy rains and melting snow during the spring may result 
in high inputs of acid, which causes a drop in pH.  Sudden drops of pH below the 
acceptable levels for supporting aquatic life may result in fish kills  (Abril and 
Frankignulle 2001; Manahan 2000). 
Hardness 
Water hardness is caused by multivalent metallic cations such as calcium, 
magnesium, and ferrous ions.  Hard waters require large amounts of soap to produce 
lather.  It also produces scale in water pipes.  In general, hardness refers to the amount of 
magnesium and calcium dissolved in the water (Sawyer and others 1994). 
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CHAPTER 3 
MATERIALS AND METHODS 
Site Description 
 The Sinking Creek sub watershed (06010103130) is one of 13 sub watersheds that 
belong to the Watauga River watershed (Figure 1) (TDEC 2000a).  Sinking Creek is 
partially located within the Johnson City, Tennessee city limits (Figure 2).  Sinking Creek 
is approximately 9.8 miles long, drains an area of 13.1 square miles, and enters the 
Watauga River at river mile 19.9.  Sinking Creek lays in the level III Blue Ridge 
Mountains and the Ridge and Valley ecoregions.  There are 19.8 impaired stream miles in 
the Sinking Creek watershed including tributaries (TDEC 2000).  
The land use characteristics of this watershed were determined using data from 
Tennessee’s Multiple Resolution Land Coverage (MRLC) (TDEC 2000).  The Sinking 
Creek watershed was divided into 5 sub watersheds for the TMDL development.  The 
main land uses (Table 1) in the Sinking Creek watershed include: forest (65.5%), urban 
(25.3%), and agricultural areas (9.0%) (TDEC 2000). 
Table 1.  Land Use Distribution in the Sinking Creek Watershed    
Land use (acres) Sub 
watershed 
River 
mile 
Location 
Total Forest Urban Agric. Other 
001  0.6  New Pump 
Station   
1027 
(13.1 %) 
480 314 296 7 
002  1.1  Bob Peoples 
Bridge  
     
003  1.5 S C Church        2501  
(29.9 %) 
1419 897 181 4 
004       2.9            Orlando Drive    2208  
(26.4 %) 
1132 886 185 5 
005   7.3 Jim McNeese 
Road 
2558  
(30.6 %) 
2446 19 93 0 
Total  8364   
(100%) 
5477 
(65.5%)
2116 
(25.3%)
755 
(9.0%) 
16 
(0.2%)
Source: TDEC 2000  
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Figure 1.  Location of the Watauga River Watershed (TDEC 2000a) 
  
 
 
 
Johnson City 
Elizabethton
Mountain City 
Sinking Creek Watershed 
Figure 2. Location of Sinking Creek Watershed (06010103130) (TDEC 2000a) 
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Sampling Sites and Procedures 
Fourteen sampling sites in Sinking Creek were identified for this study (Table 2).  
The sampling sites were selected based on land use patterns, population demographics, 
and bracketing of tributaries (Figure 3).  Triplicate grab samples were collected monthly 
for a year (March 2002 to February 2003).  All samples for water chemistry were 
collected in polycarbonate bottles that have previously been acid-washed, then washed 
with phosphate free detergent, and rinsed with deionized-water.  Samples were collected 
at mid-depth when possible.  Bottles were rinsed 3 times with stream water prior to 
sample collection.  Water samples were returned to the laboratory on ice for analysis of 
Nitrate-N, orthophosphates (as PO43-), BOD, alkalinity (as CaCO3), hardness (as CaCO3), 
and optical brighteners.  Procedures were followed according to Standard Methods for 
the Examination of Water and Wastewater or the manufacturer’s instructions.  Water and 
air temperature, conductivity, dissolved oxygen, pH, depth, width, and velocity were 
measured in situ at each sampling point.   
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 Table 2.  Sampling Locations on Sinking Creek 
Station 
Number 
Location Description/comments 
1 New Sinking Creek Pump Stations Posted by TDEC; Sample 
downstream 
2 Bob Peoples Bridge Posted by TDEC 
3 Upstream of Sinking Creek 
Church/North Rd 
At bridge 
4 Joe Carr Road Upstream from bridge 
5 Dave Buck Rd Apartment/Condominium 
construction with significant 
erosion 
6 King Springs Baptist Church Upstream from bridge 
7 Old Sinking Creek Pump Station Downstream from bridge 
8 Bosch  Upstream of Bosh NPEDES 
discharge point 
9 Lave Cox Drive – West side of 
Buffalo Rd 
At golf course storage area 
10 Sinking Creek on Hickory Springs Downstream from Bridge 
crossing 
11 Miller Lane Downstream from bridge  
12 David Miller Rd Upstream from tributary 
13 
14                   
Jim NcNeese Rd 
Dry Creek Road 
Upstream of road crossing 
6 Km from site 13; 500 m from 
road; wooded area. Reference 
site. 
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Figure 3. Location of Sampling Sites on Sinking Creek in Johnson City, TN.   
I  181
US 67
Milligan Hwy
Buffalo Mountain
Note: This Map Does Not Include Site 14. 
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Field Parameters 
Air temperature, water temperature, dissolved oxygen concentration (DO), 
conductivity, pH, creek width, depth, and velocity were measured at each station on each 
sampling trip.  Air and water temperature were measured using a calibrated thermometer.  
DO was measured using a YSI Model 57 Oxygen Meter (Yellow Springs Instruments, 
Yellow Springs, OH).  Conductivity was measured using a YSI Model 33 S-C-T Meter 
(Yellow Springs Instruments, Yellow Springs, OH).  The pH was measured using an 
Accumet portable pH meter with probe (Model AP5, Fisher Scientific, Pittsburg, PA).  
The width and depth were measured using a tape measure and meter stick.  Velocity was 
determined by using a meter stick and a half-full whirl-pak bag.  Discharge was 
determined by multiplying the average width, depth, and velocity of the creek water. 
 
Chemical Parameters 
 Optical brighteners were analyzed in the laboratory using a Turner Digital Model 
450 Fluorometer (Barnstead/Thermolyne Corporation, Dubuque, IA) with filters NB440 
and SC535.  Volumetric dilutions of Clorox 2 (The Clorox Company, Oakland, CA) 
were prepared to obtain a standard curve.   
Nitrates-N and orthophosphates (as PO43- ) were measured using analytical kits 
manufactured by Hach Company (Loveland, CO).  Nitrates-N were measured using the 
Cadmium Reduction Method and is expressed as mg/L NO3- N.  Each replicate required 
10 ml of water sample and a total experiment-duration of 5 minutes.  Deionized water 
was used as a reagent blank (HACH 2000).   Orthophosphates (as PO43-) were measured 
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using the PhosVer 3 (Ascorbic Acid) Method and was expressed as mg PO43-/L.   
Deionized water was used as a reagent blank (HACH 1999). 
Hardness was measured using procedure 2340 described in Standard Methods for 
the Examination of Water and Wastewater (APHA, 1995).  Hardness was expressed as 
mg CaCO3/L (APHA 1995).  Alkalinity was measured using procedure 2320 B described 
in Standard Methods and was expressed as mg CaCO3/L (APHA 1995).   The 5-day BOD 
was determined using the procedure 5210 described in Standard Methods.   BOD was 
expressed as mg/L (APHA 1995).      
 
Quality Assurance/Quality Control 
 The quality assurance/quality control (QA/QC) program included analysis of 
duplicates, analysis replicate samples, analysis of reagent blanks, calibration with 
standards, analysis of standard reference materials, analysis of externally supplied 
standards, calibration curves, method detection limits (MDL), and control charts.  
Analysis of duplicates: 2 random samples were analyzed and included in the analytical 
batch.  Analysis of replicates: 3 replicates were analyzed per sampling site.  Analysis of 
reagent blanks:  2 reagent blanks were included in each analytical event. They were also 
analyzed whenever a new reagent was used.  Calibration with standards:  appropriate 
standards were used to calibrate colorimeters and the fluorometer, according to 
manufacturers’ instructions.   Analysis of standard reference materials:  dilutions of 
standards reference materials were used to ensure accuracy of the analyst and 
instrumentation used for this study.  If a value was outside the ± 20% limit, the sources of 
the problem were determined and corrected before continuing with further analysis.  
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Analysis of externally supplied standards: certified reference materials were included in 
each analytical batch.  Calibration curves: a minimum of 3 dilutions was prepared using 
standards purchased from the HACH Company.  Dilutions were also made using    
Clorox 2.   These dilutions were prepared for each instrument before each run.  Control 
charts:  a means chart for standards and reagent blanks was constructed from their 
averages and standard deviation.  Control charts included upper and lower control limits 
(CL), which used ± 3s (3 standard deviations).  Control charts also included upper and 
lower warning levels (WL) using ± 2s (2 standard deviations). Measurements exceeding 
CL were repeated.  Method detection limit (MDL):  The MDL was determined by adding 
a constituent to nanopure water to make a concentration near the estimated MDL for a 
particular method.  Seven portions of this solution were analyzed and the standard 
deviation was calculated.  From a table of the one sided t distribution, the value 
corresponding to 6 degrees of freedom and at the 99% level was determined to be 3.14.  
The product of s times 3.14 was considered the estimated MDL.  The MDLs for 
orthophosphates  (as PO43-) and nitrates-N were estimated at 0.06 mg/L and 0.38 mg/L, 
respectively. 
 In addition, a trip and 3 field blanks were handled like the samples. Trip blanks 
and field blanks are used to identify any contamination resulting from transportation and 
processing of the samples.  Trip and field blanks were transported in sample containers 
from the lab into the field and back with the collected water samples.  Samples were 
stored in a locked refrigerator.  Field equipment was calibrated monthly according the 
manufacturers’ instructions. 
 
 25
Data Analysis 
 Based on location, sites were divided into 3 groups according to land use 
(Agricultural area: 1-4, urban area: 5-12, and forest area: 13-14).  Data were also 
analyzed by site.  Seasonally, data were divided into 4 quarters: January through March 
(Winter), April through June (Spring), July through September (Summer), and October 
through December (Fall).   
 Monthly discharge was calculated by multiplying the average depth, width, and 
velocity of the creek water.  Loadings were calculated by multiplying the concentration 
by the flow.  These calculations are presented in Appendix C. 
 Summary statistics were determined for each analyte.  Dot plots and box plots 
were generated and used to obtain an initial visual distribution of the parameters. The 
normality assumption was tested using the Anderson Darling Normality test (Normality 
Plot).  Minitab Release 12.21 (Minitab Inc., State College, PA) was used to compute 
descriptive statistics, the Anderson Darling Normality test, and to generate dot plots.  
 The experimental design of this study included the detection of statistical 
differences across sites, regions, and seasons for each parameter.  Significance of all 
statistical tests was determined at α = 0.05.  The Kruskal-Wallis test (One-way Analysis 
of variance by ranks) was used to determine significance between locations and time 
events for samples that did not come from normal populations.  Tukey’s multiple 
comparisons were used to determine differences in sites, regions, and seasons.  The 
Kruskal-Wallis test was performed using Minitab Release 12.21 (Minitab Inc., State 
College, PA). An ANOVA and Tukey multiple comparisons were performed on ranked 
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transformed data, using the Statistical Analysis System (SAS) software (SAS Institute, 
Cary, NC).    
 Box plots were prepared for each station and analyte.  Line graphs were used to 
show seasonal and regional trends for each analytes measured.  Microcal™ Origin 
Version 6.0 (Microcal Sofware Inc., Northampton, MA), was used to generate box plots 
and line graphs of variables.    
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CHAPTER 4 
RESULTS 
Field Parameters 
  Monthly temperature measurements showed that the surface water temperature 
in Sinking Creek ranged from 0oC to 20.8oC (Appendix A).  The water temperature 
usually decreased from site 1 to site 14.  The average water temperature in the spring, 
summer, fall, and winter was 10.2oC, 17.3oC, 14oC, and 7.05oC, respectively.  The 
concentration of dissolved oxygen (DO) varied from 8.19 mg/L to 10.91 mg/L with an 
annual average of 10.07 mg/L.   The average DO in the spring, summer, fall, and winter 
was 10.6 mg/L, 8.16 mg/L, 9.01 mg/L, and 12.67 mg/L, respectively.   The average 
conductivity in the first 6 sites was 315 µmhos/cm, decreasing steadily in the upstream 
sites.  The yearly average conductivity was 220 µmhos/cm.  The annual average 
discharge in Sinking Creek varied at each station.  It ranged from 0.03 m3/sec to         
0.50 m3/sec.   
 
Selected Chemical Water Quality Parameters  
 
Loading data were obtained monthly for a year for 14 sites in the Sinking Creek 
watershed (Appendix B).  The watershed was divided into 3 regions according to land 
use: agricultural (sites 1-4), urban (sites 5-12), and forest (sites 13-14) areas.   Seasonally, 
data were divided into seasons: winter (January through March), spring (April through 
June), summer (July through September), and fall (October through December).  Water 
quality parameter loadings were statistically analyzed using Kruskal Wallis followed by 
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an analysis of variance test (ANOVA) and Tukey’s multiple comparisons test on ranked 
data. 
Sites   
Site had a significant effect on all water quality parameters measured in this 
study.  The Tukey procedure for nitrate-N showed significant differences between 
downstream and upstream sites.   The results from the statistical tests (p < 0.05) on the 
nitrate-N loadings versus sites can be seen in Figure 4A.  Sites 3 and 14 exhibited the 
highest and lowest averages of nitrate-N loadings, corresponding to 627.34 mg/sec and 
14.49 mg/sec, respectively (Figure 5A).   
 The Tukey procedure for orthophosphate (as PO43-) showed significant 
differences between downstream and upstream sites.  The results from the statistical tests 
(p < 0.05) on the orthophosphate (as PO43-) loadings versus sites are shown in Figure 4B. 
Orthophosphate loadings ranged from 0.11 mg/sec (site 14) to 159.62 mg/sec (site 3).  
The highest and lowest average orthophosphate (as PO43-) loadings were found at site 3 
and site 14, which corresponded to 84.83 mg/sec and 3.57 mg/sec, respectively (Figure 
6A).  
 The results from the statistical tests (p < 0.05) on alkalinity (as CaCO3) versus 
sites showed significant differences.  Sites 1-6 had higher loadings than loadings of sites 
located upstream. Alkalinity loadings ranged from 10.00 mg as CaCO3/sec (site 14) to 
163,500.00 mg as CaCO3/sec (site 3) (Figure 7A).   There were also significant 
differences ( p < 0.05) between hardness (as CaCO3) by site.  Hardness loadings varied 
from 2.00 mg as CaCO3/sec (site 14) to 196,200.00 mgCaCO3/sec (site 3) (Figure 8A).    
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 The Tukey procedure for BOD loadings showed significant differences between 
downstream and upstream sites.  The results from the statistical tests at a 5% confidence 
showed high variability by site.   BOD loadings ranged from 8.55 mg/sec at site 14 to 
7,560 mg/sec at site 6.Sites 3 and 4 had the highest mean loadings corresponding to 
2,653.00 mg/sec and 2,257.00 mg/sec, respectively.  The uppermost location, site 14, had 
a mean loading of 136 mg/sec (Figure 9). 
 Optical Brighteners ranged from 1.0 to 35.0 fluorescence units (FU).  Results 
from the statistical tests (p < 0.05) on the optical brighteners fluorescence versus sites 
show significant differences.  Sites 13 and 14 exhibited the highest fluorescence, 
corresponding to 16.39 FU and 20.86 FU, respectively.   Sites 6 and 7 had the lowest 
fluorescence corresponding to 7.22 FU and 7.33 FU, respectively (Figure 10). 
 To sum up, average nitrate-N, orthophosphate (PO43-), alkalinity (CaCO3), 
hardness (CaCO3), and BOD loadings showed high variability by site.  Higher loadings 
for these parameters were observed in the lower sites (1-6) of the creek.  Lower loadings 
were observed in the upstream sites.  Optical brighteners showed the highest readings in 
the upstream sites. 
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Figure 4. Nutrient Loadings per Site.   Box and whiskers plots of ranked nitrate-N loading data (A) and 
orthophosphate (as PO43-) loading (B) collected for a year in Sinking Creek.  Each box represents the inter-
quartile range (25th and 75th).  The line through the box represents the median. The solid red dot represents 
the site mean.  The range of the whiskers extends to the lowest and highest observations between 5 and 
95% limits.  Asterisks indicate values at 99% and 1%.  The dotted line across the graph indicates the 
average rank for nitrates-N and orthophosphates (as PO43-), respectively.  Means with the same letter are 
not significantly different at α = 0.05.  (N = 489). 
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Figure 5.  Nitrate Loadings and Concentrations per Site.  Nitrate-N loadings (A) and concentrations (B) 
data were collected in Sinking Creek monthly for a year.  The line  across each box indicates site’s median.  
The mean per site is indicated by a square within each box.  The box represents standard deviation from 
samples at each site.  The range of the whiskers extends to the lowest and highest observations between 5 
and 95% limits.  Asteriks indicate minimum and maximum observations.  Sample size per site is indicated 
within each box.  (N = 489). 
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Figure 6.  Orthophosphate Loadings and Concentrations per Site.   Orthophosphate (as PO43-) loadings (A) 
and concentrations (B) data were collected in Sinking Creek monthly for a year.  The line across each box 
indicates site’s median.  The mean per site is indicated by a square within each box.  The box represents 
standard deviation from samples at each site.   The range of the whiskers extends to the lowest and highest 
observations between 5 and 95% limits.  Asteriks indicate minimum and maximum observations.   Sample 
size per site is indicated within each box.  (N = 489). 
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Figure 7.  Alkalinity Loadings and Concentrations per site.   Alkalinity loadings (A) and concentrations (as 
CaCO3) (B) data were collected in Sinking Creek monthly for a year.  The line across each box indicates 
site’s median.  The mean per site is indicated by a square within each box.  The box represents standard 
deviation from samples at each site.  The range of the whiskers extends to the lowest and highest 
observations between 5 and 95% limits.  Asteriks indicate minimum and maximum observations.    Sample 
size per site is indicated within each box.  Means with the same letter are not significantly different α = 
0.05.  (N = 487). 
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Figure 8.  Hardness Loadings and Concentrations per Site.  Hardness loadings (A) and concentrations (as 
CaCO3) (B) data were collected in Sinking Creek monthly for a year.  The line across each box indicates 
site’s median.  The mean per site is indicated by a square within each box.   The box represents standard 
deviation from samples at each site.  The range of the whiskers extends to the lowest and highest 
observations between 5 and 95% limits.  Asteriks indicate minimum and maximum observations.   Sample 
size per site is indicated within each box.   Means with the same letter are not significantly different α = 
0.05.  (N = 487). 
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Figure 9.  Biochemical Oxygen Demand Loadings per Site.  Data were collected in Sinking Creek monthly 
for a year.  The line across each box indicates site’s median.  The mean per site is indicated by a square 
within each box.  The box represents standard deviation from samples at each site.  The range of the 
whiskers extends to the lowest and highest observations between 5 and 95% limits.  Asteriks indicate 
minimum and maximum observations.   Sample size per site is indicated within each box.   Means with the 
same letter are not significantly different α = 0.05.   (N = 475) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 36
 
 
 
 
 
Figure 10.   Optical Brighteners by Site.  Data were collected monthly for a year in Sinking Creek.  The 
line across each box indicates site’s median.  The mean per site is indicated by a square within each box.  
The box represents standard deviation from samples at each site.  The range of the whiskers extends to the 
lowest and highest observations between 5 and 95% limits.  Asteriks indicate minimum and maximum 
observations.   Sample size per site is indicated within each box.  Means with the same letter are not 
significantly different    α = 0.05.   (N = 488) 
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Land use  
 In this study, land use comparisons were significantly different (p < 0.05) for all 
water quality parameters.  Water quality parameters were significantly higher in the 
agricultural area than in the urban and forest area.  The results from the statistical tests on 
the nitrate-N loadings versus land use can be seen in Figure 11A.     The sites located in 
the agricultural area (516.60 mg/sec) had greater mean loadings than those found in urban 
(164.30 mg/sec) and forest  (41.10 mg/sec) sites.  Results from the statistical tests on the 
orthophosphate (as PO43-) loadings versus land use can be seen in figure 11B.  The sites 
located in the agricultural area (64.62 mg/sec) had greater mean loadings than those 
found in urban (26.96 mg/sec) and forest (11.58 mg/sec) sites. The results from the 
statistical tests on the alkalinity loadings versus land use are shown in figure 12A.  The 
agricultural area (69,367.00 mg as CaCO3/sec) exhibited a significant loading increase 
when compared to those found in urban (23,891.00 mg as CaCO3/sec) and forest 
(1,821.00 mg as CaCO3/sec) areas.   Results from the statistical tests on the hardness 
loadings versus land use are shown in figure 12B.  The agricultural area (68,606.00 mg as 
CaCO3/sec) exhibited a significant loading increase when compared to those found in 
urban (23,236.00 mg as CaCO3/sec) and forest (1,477.00 mg as CaCO3/sec) areas. 
Results from the statistical tests on the biochemical oxygen demand loadings versus land 
use can be seen in figure 13.   The agricultural area (1,999.00 mg/sec) had higher 
loadings than those found in the urban (921.00 mg/sec) and forest (431.00 mg/sec) areas. 
Results from the statistical tests on the optical brighteners fluorescence versus land use 
are shown in figure 14.  The sites located in the forest area (18.59 FU) had higher 
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fluorescence units than those found in urban (10.19 FU) and agricultural  (12.82 FU) 
sites.  
In summary, average nitrate-N, orthophosphate (PO43-), alkalinity (CaCO3), 
hardness (CaCO3), and BOD loadings showed high variability by land use.  Highest 
loadings were observed in the agricultural area.  Optical brighteners showed the highest 
readings in the forest area of the sinking creek watershed. 
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Figure 11.   Land use Comparisons of Nutrient Loadings.  Nitrate-N (A) and Orthophosphate (as PO43-) (B) 
mean ranked loadings were collected monthly for a year in Sinking Creek.  Values represent mean ± SD.   
Significant difference from each other are indicated by different letter.   α = 0.05.   (N = 489). 
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Figure 12.  Land Use Comparison of Alkalinity and Hardness Loadings.   Alkalinity (A) and hardness (B) 
loadings (as CaCO3) were collected monthly for a year in Sinking Creek.  Values represent mean ± SD. 
Significant difference from each other are indicated by different letter.  α = 0.05.   (N = 487). 
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 Figure 13.   Land Use Comparisons of BOD Loadings.  Data were collected monthly for a year in Sinking 
Creek.  Values represent mean ± SD. Significant difference from each other are indicated by different 
letter.    α = 0.05.  (N = 475). 
 
 
 
Figure 14.  Land Use Comparisons of Optical Brighteners.  Data were collected monthly for a year in 
Sinking Creek.  Values represent mean ± SD. Significant difference from each other are indicated by 
different letter.    α = 0.05.   (N = 488) 
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Seasonality   
There were significant differences between seasons and selected water quality 
parameters.  The results from the statistical tests (p < 0.05) on the nitrate-N loadings 
versus seasonal variations are shown in figure 15A.  Mean nitrate-N loadings were 
highest during the spring (249.70 mg/sec) and winter (267.30 mg/sec) than those during 
the summer (196.10 mg/sec). The results from the statistical tests (p < 0.05) on the 
orthophosphate (as PO43-) loadings versus seasonality are shown in Figure 15B.   
Orthophosphate (as PO43-) mean loadings were higher during the spring (48.04 mg/sec) 
and winter (36.99 mg/sec) than during the summer (25.54 mg/sec).   Results from the 
statistical tests (p < 0.05) on the alkalinity loadings versus seasons are shown in Figure 
16A.  Alkalinity mean loadings were higher during the winter (35,354.00 mg as 
CaCO3/sec) and spring (36,345.00 mg as CaCO3/sec) than those during the summer 
27,572.00 mg as CaCO3/sec). Results from the statistical tests (p < 0.05) on the hardness 
loadings versus seasonality can be seen in figure 16B.  Mean loadings were higher during 
the winter (34,434.00 mg as CaCO3/sec) and spring (38,363.00 mg as CaCO3/sec) than 
those during the summer 25,324.00 mg as (CaCO3/sec).  Results from the statistical tests 
(p < 0.05) on the optical brighteners fluorescence versus seasonality are seen in figure 17.   
Seasonal mean values showed that the fall (17.91 FU) and spring (13.26 FU) 
measurements were significantly higher than the summer (11.32 FU) and winter (6.32 
FU) measurements.   In summary, average nitrate-N, orthophosphate (PO43-), alkalinity 
(CaCO3), hardness (CaCO3), and BOD loadings showed almost no variability by season.  
Higher loadings were observed in the spring and winter.  Optical brighteners showed the 
highest readings in the fall. 
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Figure 15.   Seasonal Comparison of Nitrate-N and Orthophosphate (as PO43-) Loadings.  Nitrate-N (A) and 
Orthophosphate (as PO43-) (B) data were collected monthly for a year in Sinking Creek.  Values represent 
mean ± SD. Significant difference from each other are indicated by different letter.   α = 0.05.   (N = 489).  
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Figure 16.   Seasonal Comparison of Alkalinity and Hardness Loadings.  Alkalinity (A) and hardness (B) 
loadings (as CaCO3) data were collected monthly for a year in Sinking Creek.  Values represent mean ± 
SD.    Significant difference from each other are indicated by different letter.   α = 0.05.   (N = 487). 
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 Figure 17.   Seasonal Comparisons of Optical Brighteners.  Data were collected monthly for a year in 
Sinking Creek.  Values represent mean ± SD.   Significant difference from each other are indicated by 
different letter.   α = 0.05.   (N = 488) 
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Water Quality Parameter Concentrations   
Concentrations of water quality parameters were statistically analyzed using 
Kruskal Wallis followed by an analysis of variance test (ANOVA) and Tukey’s multiple 
comparisons test on ranked data. Nitrate-N concentrations showed significant differences 
between sites.  Nitrate-N concentrations varied from 0.38 mg/L (sites 10, 11, 12, 13, and 
14) to 2.8 mg/L (site 2).  Sites 2 and 14 showed the highest and lowest averages of 
nitrate-N concentrations, corresponding to 1.41 mg/L and 0.57 mg/L, respectively (Figure 
4B).  There was also a difference between regions in the watershed.  The agricultural area 
had higher concentrations than the urban and forest areas.   Orthophosphate (as PO43-) 
concentrations showed no statistical differences between sites.  Orthophosphate (as PO43) 
concentrations in Sinking Creek ranged from 0.06 mg/L (sites 11, 12, 13, and 14) to 0.46 
mg/L (site 3).  Sites 3 and 7 showed the highest and lowest average orthophosphate (as 
PO43-) concentrations, corresponding to 0.13 mg/L and 0.18 mg/L, respectively (Figure 
5B).   Concentrations were highest during the fall.  
Alkalinity concentrations ranged from 4.00 mg /L as CaCO3 to 220.00 mg /L as 
CaCO3 (Figure 8B).  Concentrations were highest during the summer.  There were 
differences between the regions in the watershed.  The agricultural area was significantly 
higher than the other regions.  Hardness concentrations in this watershed varied from 
1.33 mg /L as CaCO3 to 212.00 mg /L as CaCO3  (Figure 9B).  The highest concentrations 
occurred in the summer. There were differences between the regions in the watershed.  
The agricultural area had significantly higher concentrations than the urban and forest 
areas. 
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Results of Quality Assurance/Quality control procedures 
Appropriate quality control and quality assurance measures were performed for 
Nitrate-N and orthophosphate (as PO43-) data.  Duplicate analyses for nitrates-N and 
orthophosphates were measured at an average of 91% ±  9% (AVG ± SD) and 92% ± 8% 
(AVG ± SD), respectively.  The analysis of field, trip, and laboratory blanks was 
measured at zero.   The MDL for nitrates-N was measured at 0.38 mg NO3-N/L.  The 
MDL for orthophosphates (as PO43-) was calculated at 0.06 mg PO43-/L.  Control charts 
for standards and reagent blanks are shown in Appendix D.  Analytical standards for 
nitrates-N were measured at 104% ± 8% (AVG ± SD).  Analytical standards for 
orthophosphates (as PO43-) were measured at 107% ± 10% (AVG ± SD).  Hach 
colorimeters were calibrated with appropriate standards. 
Proper quality control and assurance measures were performed for alkalinity as 
CaCO3 and hardness as CaCO3 loadings.  Duplicate analyses for alkalinity as CaCO3 was 
measured at an average of 97% ± 4% (AVG ± SD).  Duplicate analysis for hardness as 
CaCO3 was measured at an average of 98% ± 4% (AVG ± SD).  The analysis of field, 
trip, and laboratory blanks was measured at zero.  Analytical externally supplied 
standards for alkalinity were measured at an average 96.8%.  Analytical externally 
supplied standards for hardness were measured at an average 93%. 
Appropriate quality control and assurance measures were performed for OB.  
Duplicate analysis for OB were measured at an average of 98% ±  10% (AVG ± SD).   
The analysis of field, trip, and laboratory blanks was measured at zero.  Analytical 
standards for OB were measured at 92%. 
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CHAPTER 5 
 
DISCUSSION 
 
Nonpoint sources of fecal contamination in Sinking Creek were attributed in the 
TMDL document to stormwater runoff, urban, pastureland, wildlife, agriculture, illicit 
discharges from sanitary waste, failing septic systems, overflow from the sanitary sewer 
system, runoff from improper disposal of waste materials, and domestic animals (TDEC 
2000).  Excessive nutrient loadings from agricultural, urban, and industrial point and 
nonpoint sources have contributed to the enrichment of rivers and streams in many 
regions of the United States (Bernhard and Field 2000; Hollinger and others 2001).  
Nikolaidis and others (1998), Hagedorn and others (1999), and Harbor (1999) have 
reported that nonpoint sources of fecal pollution that contribute to the contamination of 
surface waters are difficult to identify because there are numerous and widespread 
possible sources.   
Several parameters (nitrate-N, orthophosphate (PO43-), alkalinity (as CaCO3), 
hardness (as CaCO3), BOD, and OB) were used in this study in an attempt to identify the 
location of fecal coliform sources in Sinking Creek.  The selected parameters were useful 
tools to evaluate sites, regions, and seasonality differences in the watershed.  However, 
the use of OB in this study did not provide any evidence to differentiate between human 
and animal sources of fecal pollution.  The lack of previously publish studies on water 
quality parameters in the Sinking Creek watershed prevented us from comparing our 
results to previous data. 
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Sites And Land Use Evaluation  
Agricultural Area 
One of the objectives of this study was to evaluate whether site and land use in the 
Sinking Creek watershed had an impact on the water quality of the creek.  Nutrients 
(nitrate-N and orthophosphate (PO43-) were chosen because part of Sinking Creek runs 
along land dedicated to pasture and agriculture.  Agricultural and farmland runoff 
contribute to water quality problems (Hollinger and others 2001).  According to the EPA, 
approximately half of the reported impairments in national waters are attributed to an 
excess input of nutrients (EPA 2000).   
Agriculture (fertilizer and manure application) is the primary source of nitrogen 
and phosphorus on land surface in the U.S.   Results of this study for nitrate-N and 
orthophosphate (as PO43-) loadings were highest in the lower part of the stream where 
agricultural activity is more intensive.   High BOD loadings in this area correlate with 
high nutrient loadings.  In fact, the sites with the highest loadings in the watershed were 
sites 3 and 4.  Other studies have found similar results.  Karr and others (2002) found that 
nutrient loadings in streams are related to patterns of agricultural activities.   Manure 
application to pastures in the Sinking Creek watershed was assumed to be uniform 
throughout the year (TDEC 2000).  Researchers have found that manure application is a 
water quality concern because phosphorus from manure moves easily through soil (Litke 
1998).  
The presence of grazing animals on pastureland adjacent to the creek and other 
agricultural activities significantly contributed to the nutrient loading in these sites.  In 
the agricultural area of Sinking Creek, the majority of grazing animals corresponded to 
beef cows.  These animals had direct access to the creek, which they used as a drinking 
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water source.  Fecal coliform loading rates for beef cattle were considered consistent 
throughout the year.  Daily fecal coliform production of beef cattle has been estimated at 
5.71 x 1010 counts/day (TDEC 2000).  Hagendorn and others (1999) reported that fecal 
coliform bacteria are the most widespread problem in surface waters and that agriculture 
and pasteureland contribute to the fecal coliform bacteria loadings in such waters.     
The type of soil and landforms in Sinking Creek vary by region.   Therefore, the 
runoff created from each region differed from each other.  The landforms of this 
watershed consisted of low rolling ridges and valleys (TDEC 2000).  In the agricultural 
region, the low rolling ridges were more prominent than those found in urban areas of the 
watershed, which might facilitate runoff in the agricultural region.  Results of this study 
showed highest loadings for all parameters measured in the agricultural area. 
Urban Area   
  Another purpose of this study was to determine the impact of urban runoff on the 
water quality of Sinking Creek.  Urban nonpoint sources of pollution are also causes of 
surface water degradation in the United States (Van Buren and others 1999; Borst and 
Selvakumar 2003).  Researchers have found that high bacterial concentrations in storm 
water runoff are another cause in the failure to meet designated use criteria in streams 
(Borst and Selvakumar 2003).   The urban sampling sites (5-12) in Sinking Creek are 
located in close proximity to Johnson City streets.  Possible runoff in this area includes, 
soil erosion, runoff from construction sites, wash-off of street dirt, fertilizers, pesticides, 
failing septic systems, and direct discharge of pollutants into storm sewers (TDEC 2000).   
During this study, site 5 experienced erosion due to the construction of apartment 
complexes.  Nutrient, alkalinity, hardness, and BOD average loadings at this site were 
 51
higher than those found in the upstream sites.  Soil washed from construction sites may 
have both a localized concentrated impact and considerable cumulative impact on 
downstream sites.  Construction site erosion and sediment control is difficult to manage 
because of the impacts that land use change has on the magnitude and frequency of 
runoff events into streams (Harbor 1999).  If this is the case, the land use change at site 5 
may have also contributed to the higher loadings in the downstream sites.  Stow and 
others (2001) noted that nutrient loading increases as population along a watershed 
increases and land use changes occur.    
A second peak in the nutrient distribution occurred at site 10, which is located in a 
Johnson City subdivision.  Over the last year, soil erosion on both banks of the creek has 
occurred at this site.  Its location in a residential area, where lawn fertilization may have 
taken place, may have contributed nutrient loading into the creek.    Runoff from the 
street or nearby lawns can be a significant source of nutrient and bacterial loadings at all 
urban sites in Sinking Creek.   Brezonik and Stadelmann (2002) reported that soil 
erosion, wash-off of street dirt, and fertilizers have been identified as causing surface 
water degradation in the United States.  McLellan and Salmore (2003) agreed with 
previously reported studies on the presence of elevated bacterial loads in runoff from 
streets and other impermeable surfaces.    They demonstrated the presence of elevated 
levels of Escherichia coli  (> 100,000 E. coli CFU/100 ml) from sampling stormwater 
runoff from paved surfaces after rainfall.   Other researchers have reported elevated 
numbers of fecal coliform and pathogens such as Pseudomona aeruginosa and 
Staphylococcus aureus in urban storm water (Borst and Selvakumar 2003).   Streets have 
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become important sources of contamination in all land-use types (Brezonik and 
Stadelmann 2002).    
In other studies, researchers have not only investigated pollutant types but also 
used models to predict the runoff temperature as it entered streams.  The increase of 
paved surfaces due to urbanization may raise the temperature of stormwater runoff.  
Changes in water temperature may disrupt aquatic life cycles, increase levels of bacteria, 
reduce dissolved oxygen levels, and increase metal solubility (Van Buren and others 
1999). 
High organic and nutrient loads found in surface waters also come from lack of 
proper sewage treatment systems (Abril and Frankignoulle 2001).  At least part of the 
population living close to Sinking Creek in Washington and Carter counties is believed to 
be on septic systems (TDEC 2000).  Failing septic systems allow untreated wastes to be 
discharged directly or indirectly into streams.  Failing septic systems have been identified 
as a common source of pollution in rural areas (Brezonik and Stadelmann 2002).   
Forest Area   
In Sinking Creek, 65.5% of the watershed corresponds to forest areas.  In this 
study, the lowest nutrient loadings were found in the upper part of the stream where 
forest areas dominate the watershed. Loadings were lowest at site 14, which was used as 
a reference site.  Other studies that examined nutrient loadings in forest areas reported 
similar findings.  Nikolaidis and others (1998) found that the lowest nitrate-N 
concentrations were found in the forest station.   Orthophosphate loadings detected in this 
region may be associated with phosphate rock deposits or natural soil phosphorus levels 
(Litke 1998).  Optical brightener fluorescence was the highest in this area.  High 
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fluorescence detected at this site was probably due to the fluorescence emitted by organic 
materials such as fulvic and humic acids present in the creek (Alhajjar and others 1990).  
The presence of wildlife in the upper stream sites did not seem to have a significant 
impact on the nutrient loading of the creek. The distribution of high nitrate-N and 
orthophosphate (as PO43-) loading appeared to be related to agricultural land use patterns.   
 
Seasonality Evaluation    
Another objective of this study was to evaluate the seasonal distribution of water 
quality parameters.  Nutrients follow a distinct seasonal pattern in surface waters.  
Generally, the highest nutrient concentrations in streams occur most often downstream of 
agricultural land following storms during the spring (Thomas and others 2001).  
Fertilizers are applied to agricultural areas and lawns in urban areas in the growing 
season (spring).    In my study, nitrate-N and orthophosphate loadings decreased during 
the summer.  Higher loadings were detected during the spring and winter.  An increase in 
runoff contributed to higher loadings during spring and winter than during summer and 
fall.  Other studies showed that snowmelt or spring rain on frozen ground, before natural 
vegetation was established, have contributed significantly to annual pollutant loadings 
(Brezonik and Stadelmann 2002). 
Chung and others (2003) have shown that farmers tend to overuse fertilizers, 
increasing their concentration in runoff.  In their research, they developed a model to help 
farmers reduce fertilizer application and time fertilizer applications according to rainfall 
events.  Helsel (1995) pointed out that control strategies and fertilizer management plans 
would reduce the nutrient loading in streams.  Control strategies in areas where nutrients 
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are of concern may be enforced only during a particular season.  Fertilizer management 
plans account for additional nutrient sources (manure application) when determining 
fertilizer application rates.  Improvements in nutrient management are likely to reduce 
nutrient inputs in streams (Stow and others 2001; Chung and others 2003).   
Other measured parameters except optical brighteners followed similar trends.   
High fluorescence detected in the fall may have occurred because of the decomposition 
of organic materials.  Alhajjar and others (1990) noted that the fluorescence in natural 
waters might not occur as a result of human pollution (septic systems) but from naturally 
occurring substances. 
Climatic factors including rainfall intensity and duration, storm frequency, and 
snowmelt are significant determining factors generating nonpoint sources of pollution.  
The effects of agricultural and urban runoff are similar in that both increase sediment and 
nutrient loading to surface waters.  The difference is that the effects of urban runoff are 
site specific (residential, commercial, construction, or industrial).  Rainfall or snowmelt 
runoff also affects the quality of urban runoff.  Usually pollutants are accumulated during 
the winter (Brezonik and Stadelmann 2002). 
To develop cost effective management strategies the key is to determine where 
and when water quality problems are most likely to occur.  Reducing the amounts of 
nitrate-N and orthophosphates (as PO43-) to land may improve local quality of water.  
However, reductions in loadings do not yield immediately noticeable results (Nikolaidis 
and others 1998; Karr and others 2002).   
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Some data fell outside the 95% limit (Nitrate-N: Figure 4A, Orthophosphates (as 
PO43-): Figure 5A).  Values that fell outside the 95% limit at sites 2 and 3 were collected 
during the winter and spring.  Runoff from farmlands adjacent to these sites during these 
wet seasons may explain these results.   Values that fell outside the 95% confidence 
interval at site 4 were collected in the fall.  Several ducks were living near site 4.  Trash 
was continually found adjacent to this site.  In the upper stream sites, high values could 
be attributed to trash and natural debris.  
 
Evaluation of Optical Brighteners  
The last goal of this study was to evaluate the use of optical brighteners to 
differentiate between human and animal sources of fecal pollution.  Human and animal 
sources of fecal pollution present a human health risk because they are reservoirs for 
human Enteroviruses, Cryptoporidim parvum, Giardia intestinalis, and pathogenic 
enteric bacteria. Zoonotic disease organisms (e. g., Salmonella, E. coli, Giadia 
intestinalis and Cryptoporidim parvum) may be transmitted via contaminated water 
(McLellan and Salmore 2003). Source identification is important for selection of the most 
appropriate and effective BMPs for remediating the pollution. 
In this study, the use of optical brighteners to differentiate between human and 
animal fecal pollution was not achieved.  Site 14, the reference site located in the forest 
areas of Buffalo Mountain, had the highest fluorometric readings.  The fluorescence 
measured (as optical brighteners) in Sinking Creek could not always be associated with 
fecal pollution due to the presence of fluorescent organic materials (chlorophyll, humic 
and fulvic acids) naturally present in the creek (Alhajjar and others 1990).  Optical 
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brightener, chemicals added to commercial detergents, can be used as tracers to detect 
contamination.   The type of optical brighteners varies from textile finishing, laundry 
applications, and paper production, making it possible to identify wastewater sources 
(Stoll and Giger 1998).  The detection of optical brighteners in surface water areas where 
septic tank systems are located is an indication that these systems are failing (Fletcher 
and Scott 1999).     
Several researchers have proposed the use of chemical markers as a new method 
for the identification of human and animal sources of fecal pollution.  Chemical 
indicators are natural by-products that come from human metabolism and activity (Stoll 
and Giger 1998).  These indicators include pharmaceutical substances (Halling-Sorensen 
and others 1998), coprostanol, caffeine, and optical brighteners, which can be used as 
tracers to indicate sources of contamination (Lane 1999). 
Halling-Sorensen and others (1998) proposed the use of pharmaceutical 
substances as an effective way to differentiate between human and animal sources of 
fecal pollution.  Pharmaceuticals substances, widely used to treat humans and animals, 
have been developed with the intention of performing a biological effect.  
Pharmaceuticals released into the environment, as metabolites or unchanged substances, 
have properties that enahance bioaccumulation and provoke effects in the aquatic 
ecosystem.   
Fecal coliforms are the most widely used indicators of fecal pollution in water and 
food.  Fecal coliforms inhabit the gastrointestinal tracts of warm-blooded and cold-
blooded animals, providing no information about the specific source of fecal 
contamination (Harwood and others 2000).   Identification of fecal sources (animal and 
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human sources) is necessary in water quality management and pollution prevention plans.  
The efficacy of total coliforms as indicators to regulate recreational uses of surface 
waters is some times questioned because some genera of the group are not associated 
with fecal pollution (Poiger and others 1998; Fletcher and Scott 1999; Desmarais and 
others 2002).   Regrowth of E. coli and enterococci can occur not only with changes in 
environmental conditions, but they are also able to exist in natural vegetation and in soil 
in the absence of fecal contamination (Desmarais and others 2002).    
Pathogens such as Giardia lamblia and Cryptosporidium parvum are of concern in 
the water industry because of their small size and resistance to typical chlorine 
concentrations applied for water treatment.  In addition, these pathogens are harbored by 
many animals (Chauret and others 2001).  Several outbreaks of cryptosporidiois have 
occurred in rural and urban areas in the United States.  A recent example of waterborne 
outbreaks include the Milwaukee Cryptosporidium incident in 1993 that affected 
approximately 400,000 inhabitants due to a failure of a water treatment plan and is an 
example of a case where fecal coliforms were inadequate as indicators pathogen presence 
(Mac Kenzie and others 1994; Mayer and Palmer 1996; Chauret and others 1998, 2001). 
Numerous indicators of fecal pollution have been studied over the years. It has 
been difficult to use a microbial indicator system that would satisfy all the requirements 
of a good indicator for agents of waterborne diseases including enteric viruses, bacteria, 
and Protozoa (Payment 1999).  Researchers have evaluated fecal contamination of natural 
waters using different microbial indicators, including total and fecal coliforms (Payment 
1999; Hijnen and others 2000), and alternative microbial indicators (Barbeau and others 
1997, 1999). 
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CHAPTER 6 
CONCLUSIONS AND RECOMMENDATIONS 
Conclusions  
 
Detection and control of nonpoint sources (NPS) of pollution are difficult to 
identify.  Nonpoint sources of pollution may be transitory and intense because they 
depend on the seasonality of agricultural activities, urbanization, and weather.  Type of 
land use, soil type, tree cover, slope, drainage density, rainfall intensity and duration, 
storm frequency and time since antecedent rainfall are important factors in the generation 
of nonpoint pollution. 
Nutrient loadings followed similar trends to the other measured parameters.  High 
nutrient loadings were found in the agricultural area of the Sinking Creek watershed 
(sites 1-4).   Runoff from farmland sites may have contributed to the nutrient loading in 
this area of Sinking Creek, especially in the spring and winter.  The lowest nutrient 
loadings were found in the upper part of the stream where urban (sites 5-12) and forest 
(sites 13-14) areas dominate the watershed.  Alkalinity and hardness loadings followed 
similar trends.  The agricultural area showed significant loadings and concentrations 
increase when compared to those found in urban and forest areas.  There were also 
differences found between seasons.  Loadings were higher during the winter and spring 
than those during the summer and fall.  Biochemical oxygen demand (BOD) loadings 
followed similar trends to the other measured parameters.  Loadings were higher on the 
first 6 sites than on the upper sites of the creek.  The agricultural area had higher values 
than the urban and forest areas.  Optical brighteners were not useful to identified fecal 
pollution.  High fluorescence was detected in the upper sites of the stream.  The use of 
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pharmaceutical substances is promising as a method to differentiate between human and 
animal sources of fecal pollution. 
Water quality parameters were useful tools to identify the location of sources of 
fecal pollution in the Sinking Creek watershed.  These selected parameters were also used 
to evaluate seasonality differences in the watershed.  The use of OB in this study did not 
provide any evidence to differentiate between human and animal sources of fecal 
pollution. 
 
Recommendations 
• The increased nutrient loadings in certain sites indicate the need to manage 
nonpoint sources especially from farmlands, construction sites, and private lawns.  
Limiting livestock access to the creek, monitoring water quality, implementation 
of fertilizer management plans, and creating stream buffer zones might reduce 
runoff from the agricultural area.   Runoff reduction from construction sites may 
be accomplished by retention existing vegetation, prompt application of 
temporary surface cover, use of the silt fence, and regular inspections. Runoff 
reduction in urban areas can be achieved by identifying falling septic systems as 
well as controlling erosion and storm water flow. 
• Several sites need to be cleaned (sites 3, 4, 6, 11, and 12) and possibly restored 
(site 10).   
• Continuous monitoring would help to understand the chemical and biological 
effects on this creek, providing effective solutions to improve the water quality of 
Sinking Creek. 
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• Other parameters such as chlorine, ammonium, nitrite, total dissolved solids, 
pharmaceuticals, and pesticides should be measured to help improve the water 
quality of Sinking Creek. 
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APPENDICES 
 
Appendix A:  Raw Field Parameter Data 
 
 
 
 
Table 3.  Dissolved Oxygen Data (mg/L)  
 
SITES             MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB
1          12.6 10.9 9.0 8.10 9.55 9.72 9.09 * 10.61 11.82 12.99 12.89
2             11.6 13.1 8.9 * 9.17 9.13 10.40 9.84 10.32 11.50 13.12 13.02
3            11.2 14.0 8.8 7.02 9.50 9.40 10.10 9.80 10.22 11.57 13.3 12.9
4            10.2 13.2 8.8 9.21 6.60 8.85 10.04 9.82 10.25 11.56 13.33 13.07
5            11.2 12.5 8.8 8.81 9.02 8.63 9.51 9.95 9.74 11.50 12.34 12.63
6           9.9 10.2 8.9 8.50 7.52 8.68 9.50 9.93 9.76 11.25 12.51 13.12
7            10.1 10.9 9.0 6.33 7.83 8.52 9.00 9.27 9.74 10.68 11.54 12.66
8            11.8 8.9 9.1 7.62 7.25 7.12 7.80 7.77 9.37 11.04 13.7 12.76
9            12.1 9.0 9.2 6.60 6.65 7.98 8.95 9.61 9.96 11.25 14.51 13.16
10            10.2 10.9 8.8 8.51 9.25 8.30 10.22 10.55 9.24 11.30 12.92 13.02
11            10.9 11.5 8.8 6.55 8.20 7.60 9.66 9.96 9.87 11.55 13.69 13.75
12           12.0 11.5 8.8 7.94 7.40 * s* * 10.42 11.90 14.55 13.85
13            12.2 11.2 9.1 6.91 8.15 8.50 9.34 9.81 10.42 11.88 14.52 13.7
14            13.0 12.2 9.2 7.92 9.18 8.50 9.02 9.39 10.34 11.87 14.05 14.04
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                 *  Missing data 
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 Table 4.  Discharge Data (m3/sec)  
 
SITES             MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB
1 0.468            0.368 0.242 0.280 0.223 0.030 * * 0.258 0.880 0.317 0.58
2             0.383 0.625 0.380 0.250 0.219 0.167 0.272 0.169 0.250 0.607 0.318 0.60
3             0.368 1.091 0.342 0.694 0.438 0.372 0.158 0.244 0.457 0.632 0.399 0.78
4             0.285 0.675 0.255 0.225 0.473 0.440 0.315 0.549 0.098 0.778 0.306 0.49
5             0.269 0.625 0.402 0.165 0.159 0.300 0.156 0.176 0.328 0.483 0.336 0.47
6             0.285 0.810 0.384 0.117 0.240 0.504 0.170 0.157 0.215 0.409 0.409 0.39
7             0.108 0.253 0.166 0.179 0.075 0.210 0.081 0.090 0.248 0.512 0.146 0.41
8             0.111 0.265 0.370 0.110 0.085 0.030 0.013 0.066 0.152 0.252 0.169 0.22
9             0.088 0.405 0.273 0.130 0.039 0.004 0.014 0.024 0.098 0.293 0.160 0.28
10             0.137 0.275 0.317 0.097 0.378 0.022 0.052 0.052 0.089 0.158 0.126 0.27
11             0.123 0.194 0.325 0.047 0.017 0.007 0.051 0.006 0.032 0.253 0.065 0.15
12          0.061 0.222 0.240 0.060 0.038 * * * 0.060 0.150 0.110 0.18
13             0.088 0.250 0.122 0.147 0.096 0.060 0.025 0.022 0.153 0.287 0.187 0.26
14             0.057 0.030 0.023 0.013 0.011 0.004 0.009 0.001 0.013 0.059 0.094 0.05
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                 *  Missing data 
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Table 5.  Water Temperature Data (oC)  
 
SITES             MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB
1           5.6 9.0 14.5 17.6 17.5 18.5 15.7 * 12.0 10.00 4.9 7.5
2            6.7 8.8 14.5 17.2 17.0 18.0 15.4 15.7 12.2 9.90 4.9 7.7
3            7.0 8.7 14.5 16.9 17.3 17.9 15.1 15.7 12.2 9.70 5.2 7.5
4            7.1 8.9 14.5 17.0 16.9 17.6 15.0 15.4 12.2 9.70 5.4 7.5
5            8.6 9.2 14.5 16.3 16.0 16.7 14.5 15.0 14.0 10.20 6.8 7.8
6            10.5 9.5 15.0 15.8 15.6 15.8 14.6 15.0 13.5 10.10 7.9 8.1
7            10.3 10.0 14.5 15.9 16.0 15.6 15.0 15.0 13.6 10.40 7.4 8.1
8            8.3 9.3 14.5 17.0 16.7 18.7 16.9 16.8 12.6 9.70 6.6 6.9
9            8.8 9.2 14.5 17.1 18.0 20.8 17.1 17.2 12.7 9.50 5.7 6.7
10             10.0 9.4 14.2 16.1 16.5 17.0 14.9 15.1 12.3 9.50 6.3 6.5
11            9.1 8.6 14.5 17.9 17.0 17.0 15.4 15.3 12.5 8.60 5.2 6.9
12            8.8 7.7 15.0 18.7 20.3 * * * 10.20 7.70 2.4 5.9
13            5.0 7.3 14.0 17.6 18.0 19.4 16.3 16.4 9.9 7.20 1.6 4.4
14            0.0 6.1 13.0 16.5 17.4 18.8 16.0 16.2 9.9 6.90 1.9 3.2
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
        *  Missing data 
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Table 6.  pH Data  
SITES             MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB
1       8.00 8.24 7.37 8.10 6.83 7.88 *  *  7.25 7.12 6.89 6.89 
2       8.00 8.27 8.03 8.30 7.91 8.08 *  7.20 7.35 7.22 7.82 7.82 
3       8.10 8.73 7.91 8.00 8.30 8.10 *  6.70 7.28 7.65 7.43 7.43 
4       8.00 8.39 7.76 8.20 8.07 7.74 *  7.13 7.34 7.72 7.31 7.31 
5       8.00 8.20 7.76 8.17 7.05 6.89 *  6.91 7.85 7.62 7.06 7.06 
6       8.00 7.44 7.77 8.35 7.78 7.76 *  6.83 7.21 7.75 6.82 6.82 
7       8.00 7.88 7.46 7.43 7.52 7.59 *  6.88 6.90 7.67 6.92 6.92 
8       8.00 8.16 7.76 7.80 7.36 7.43 *  6.76 6.96 7.68 7.36 7.36 
9       8.00 8.35 7.75 8.05 7.87 7.96 *  7.24 7.12 7.73 7.32 7.32 
10       7.90 7.44 7.79 8.24 8.08 8.15 *  7.37 7.18 7.68 7.06 7.06 
11       8.20 7.86 7.64 8.19 7.83 7.50 *  7.11 7.02 7.65 7.82 7.02 
12        8.20 7.76 7.67 8.23 8.29 * *  *  7.32 7.76 7.39 7.39 
13       7.40 7.76 7.29 7.42 7.58 7.65 *  7.36 7.23 7.44 6.93 6.93 
14             7.50 7.20 7.40 7.73 7.58 6.92 * 7.02 7.32 7.46 6.83 6.83
 
         *  Missing data 
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Table 7.  Conductivity Data (umhos)  
 
SITES              MAR FEB APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB
1              245 230 230 240 330 * 400 418 * 343 342 409 433
2               250 230 230 240 330 * 425 419 424 436 348 414 410
3               230 200 200 240 312 * 385 399 369 438 319 385 379
4               235 210 210 140 311 * 387 397 392 412 320 380 376
5               250 210 210 210 330 * 389 400 402 410 260 378 363
6               218 170 170 175 265 * 345 346 346 346 246 309 276
7               215 170 170 175 265 * 351 348 346 342 248 310 276
8               170 140 140 140 240 * 340 284 335 376 207 257 220
9               156 125 125 115 200 * 292 302 299 262 179 214 187
10               140 115 115 110 170 * 235 278 279 235 154 195 168
11               125 95 95 80 170 * 237 253 251 237 119 169 108
12               90 65 65 55 120 * * * * 118 76 124 85
13               50 40 40 40 70 * 112 112 112 69 41 55 45
14              25 30 30 30 35 * 34 37 38 42 25 25 24
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
             *  Missing data 
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Appendix B:  Raw Water Quality Data 
 
 
Table 8.  Average Nitrate-N Loading Data (mg/sec)  
 
SITES             MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB
1 514.80   306.25 298.37 410.67 402.00 30.00 *  *  361.67 1144.00 316.67 893.93 
2      945.56 416.67 519.55 358.33 342.32 188.89 508.03 259.44 400.00 566.22 413.40 600.00
3     503.14 1200.00 421.93 970.90 394.20 421.60 337.92 414.38 609.84 716.27 478.80 1066.00
4     332.50 652.50 272.00 330.00 519.75 454.67 545.31 768.77 139.75 1036.80 357.28 608.91
5      474.79 520.83 348.65 148.20 200.98 390.00 291.20 269.10 568.53 467.31 257.60 373.33
6       351.03 378.00 307.20 73.89 280.00 520.80 283.33 193.73 272.33 231.48 163.40 270.90
7      90.12 126.32 132.48 149.48 72.50 217.00 118.74 117.00 264.02 204.80 111.83 297.00
8         63.07 88.24 209.67 58.67 87.98 33.00 21.95 65.60 324.27 84.00 90.13 164.83
9           78.75 283.50 145.43 60.48 35.10 4.13 24.96 28.00 113.75 156.00 69.33 158.67
10          123.00 91.67 137.43 42.02 541.80 23.69 69.12 55.47 168.89 115.50 46.20 209.76
11            127.10 71.08 281.57 21.98 15.95 7.04 78.20 8.17 41.11 109.78 25.92 101.33
12      34.76 103.60 184.00 20.00 32.50 * *  *  54.00 25.08 14.67 126.00 
13            40.83 75.00 69.00 68.60 60.80 12.00 28.05 21.27 106.75 47.85 18.67 97.15
14             22.96 6.94 8.55 6.15 10.08 0.59 10.19 0.78 9.10 21.45 53.13 20.27
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Table 9. Nitrate-N Concentration Data (mg/L) 
 
  MAR APR MAY JUN JUL AUG 
SITES                   A B C A B C A C A B C A B C A B C
1 1.40    1.00 0.90 0.80 0.70
B
1.00 1.00 1.40 1.30 1.50 1.60 1.30 1.90 1.60 1.90 1.00 1.10 0.90
2     2.40 2.80 2.20 1.00 0.50 0.50 1.40 1.30 1.40 1.50 1.50 1.30 1.60 1.50 1.60 1.50 0.90
3     1.00 1.50 1.60 1.00 1.20 1.10 1.00 1.30 1.40 1.60 1.30 1.30 1.10 0.60 1.00 1.00 1.00 1.40
4     1.20 1.50 0.80 0.70 1.00 1.20 1.10 1.00 1.10 1.70 1.30 1.40 0.90 1.10 1.30 0.90 1.10 1.10
5     1.70 1.70 1.90 1.00 0.60 0.90 0.80 1.00 0.80 0.90 0.70 1.10 1.10 1.60 1.10 1.50 1.10 1.30
6     1.10 1.20 1.40 0.50 0.40 0.50 1.00 0.60 0.80 0.70 0.40 0.80 1.10 1.10 1.30 1.00 1.10 1.00
7     1.00 1.00 0.50 0.50 0.50 0.50 0.80 1.00 0.60 0.50 1.00 1.00 0.90 1.00 1.00 0.90 1.30 0.90
8     0.50 0.80 0.40 0.38 0.38 0.50 0.40 0.80 0.50 0.50 0.50 0.60 1.30 0.80 1.00 1.10 0.90 1.30
9     0.60 1.30 0.80 0.70 0.70 0.70 0.60 0.70 0.30 0.60 0.50 0.38 1.10 0.80 0.80 1.10 0.90 1.30
10     0.90 0.90 0.90 0.38 0.38 0.50 0.38 0.40 0.60 0.50 0.40 0.40 1.20 1.80 1.30 0.90 1.30 1.10
11     1.40 0.90 0.80 0.50 0.38 0.38 0.90 0.90 0.80 0.50 0.50 0.40 1.00 1.00 0.90 0.90 1.20 1.10
12       0.90 0.40 0.40 0.38 0.80 0.38 0.60 0.80 0.90 0.50 0.38 0.38 1.00 0.80 0.80 * * *
13     0.40 0.50 0.50 0.40 0.38 0.38 0.60 0.40 0.70 0.50 0.40 0.50 0.60 0.60 0.70 0.38 0.38 0.38
14     0.38 0.50 0.40 0.38 0.38 0.38 0.40 0.38 0.40 0.60 0.50 0.38 0.80 0.80 1.10 0.38 0.38 0.38
  SEP OCT NOV DEC JAN FEB 
SITES                   A B C A B C A B C A B C A B C A B C
1 1.70       1.80 1.60 * * * 1.40 1.20 1.60 1.10 1.40 1.40 1.10 1.10 0.80 1.20 1.60 1.80
2     1.90 1.90 1.80 1.80 1.40 1.40 1.90 1.40 1.50 0.90 0.80 1.10 1.10 1.50 1.30 0.80 1.10 1.10
3     2.30 2.30 1.80 1.50 1.80 1.80 1.50 1.00 1.50 1.10 1.00 1.30 1.10 1.30 1.20 1.10 1.60 1.40
4     1.60 1.70 1.90 1.60 1.20 1.40 1.50 1.40 1.40 1.20 1.50 1.30 1.00 1.00 1.50 1.20 1.40 1.10
5     1.80 2.10 1.70 1.50 1.40 1.70 1.80 1.70 1.70 0.90 0.90 1.10 1.10 0.60 0.60 0.60 1.00 0.80
6     1.60 1.60 1.80 1.10 1.50 1.10 1.30 1.40 1.10 0.60 0.60 0.50 0.50 0.30 0.40 0.60 0.80 0.70
7     1.40 1.30 1.70 1.50 1.30 1.10 1.00 1.00 1.20 0.50 0.30 0.40 0.60 0.80 0.90 0.70 0.80 0.70
8     1.60 1.60 1.70 0.80 1.10 1.10 2.30 2.00 2.10 0.10 0.40 0.50 0.60 0.40 0.60 0.70 0.80 0.80
9     1.70 1.80 1.70 1.30 1.10 1.10 1.20 1.20 1.10 0.50 0.50 0.60 0.40 0.50 0.40 0.50 0.70 0.50
10     1.00 1.20 1.80 1.10 1.30 0.80 2.10 2.00 1.60 0.50 0.80 0.90 0.40 0.38 0.40 0.60 0.90 0.80
11     1.30 1.60 1.70 1.30 1.50 1.40 1.30 1.20 1.40 0.40 0.50 0.40 0.38 0.50 0.40 0.60 0.70 0.70
12        * * * * * * 1.00 0.80 0.90 0.38 0.38 0.38 0.38 0.38 0.38 0.70 0.60 0.80
13     1.10 1.20 1.10 0.90 1.10 0.90 0.70 0.60 0.80 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.38
14     1.20 1.30 1.00 1.10 0.90 1.10 0.50 0.80 0.80 0.38 0.40 0.40 0.40 0.60 0.70 0.38 0.38 0.38
1.00
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Table 10. Orthophosphate (as PO43-) Concentration Data (mg/L) 
  MAR APR MAY JUN JUL AUG 
SITES                   A B C A B C A B C A B C A B C A B C
1 0.15    0.14 0.15 0.17 0.15 0.12 0.27 0.24 0.33 0.21 0.23 0.18 0.12 0.14 0.20 0.15 0.18 0.20
2     0.36 0.33 0.29 0.11 0.08 0.09 0.26 0.21 0.25 0.18 0.21 0.22 0.13 0.11 0.10 0.20 0.16 0.16
3     0.21 0.23 0.28 0.12 0.13 0.12 0.37 0.42 0.46 0.19 0.20 0.23 0.14 0.11 0.10 0.24 0.20 0.21
4     0.23 0.23 0.23 0.11 0.13 0.13 0.36 0.28 0.27 0.16 0.22 0.16 0.11 0.10 0.14 0.13 0.19 0.20
5     0.12 0.13 0.15 0.12 0.11 0.11 0.21 0.25 0.23 0.15 0.18 0.17 0.07 0.11 0.10 0.21 0.18 0.16
6     0.12 0.10 0.15 0.08 0.05 0.07 0.22 0.21 0.25 0.16 0.19 0.20 0.16 0.18 0.14 0.18 0.19 0.22
7     0.15 0.17 0.13 0.09 0.06 0.06 0.18 0.20 0.24 0.11 0.15 0.14 0.17 0.13 0.14 0.10 0.10 0.12
8     0.12 0.07 0.10 0.11 0.07 0.08 0.15 0.17 0.19 0.13 0.11 0.11 0.15 0.11 0.10 0.17 0.13 0.15
9     0.18 0.14 0.14 0.14 0.11 0.12 0.17 0.16 0.15 0.15 0.15 0.13 0.14 0.15 0.12 0.20 0.16 0.20
10     0.14 0.13 0.17 0.10 0.08 0.12 0.18 0.22 0.19 0.20 0.18 0.18 0.15 0.17 0.15 0.28 0.36 0.29
11     0.19 0.16 0.13 0.10 0.10 0.05 0.27 0.23 0.20 0.16 0.19 0.16 0.10 0.12 0.15 0.27 0.22 0.24
12       0.16 0.15 0.12 0.06 0.10 0.08 0.18 0.20 0.22 0.24 0.18 0.22 0.25 0.22 0.20 * * *
13     0.16 0.20 0.17 0.17 0.13 0.11 0.20 0.21 0.17 0.12 0.15 0.15 0.19 0.19 0.23 0.17 0.18 0.17
14     0.13 0.10 0.13 0.06 0.07 0.06 0.14 0.15 0.16 0.17 0.19 0.18 0.16 0.21 0.20 0.19 0.18 0.22
  SEP OCT NOV DEC JAN FEB 
SITES                   A B C A B C A B C A B C A B C A B C
1 0.44       0.26 0.42 * * * 0.10 0.09 0.08 0.10 0.12 0.10 0.13 0.12 0.15 0.16 0.13 0.12
2     0.23 0.23 0.31 0.13 0.17 0.16 0.11 0.10 0.10 0.06 0.05 0.05 0.07 0.06 0.11 0.14 0.18 0.12
3     0.19 0.17 0.19 0.13 0.11 0.14 0.17 0.12 0.13 0.17 0.13 0.14 0.13 0.11 0.10 0.18 0.14 0.13
4     0.15 0.21 0.16 0.11 0.13 0.14 0.10 0.14 0.19 0.20 0.16 0.18 0.20 0.23 0.15 0.07 0.08 0.10
5     0.22 0.26 0.22 0.08 0.09 0.11 0.10 0.16 0.10 0.11 0.11 0.10 0.14 0.11 0.14 0.07 0.11 0.08
6     0.22 0.16 0.17 0.13 0.14 0.13 0.11 0.15 0.12 0.13 0.18 0.16 0.11 0.14 0.12 0.15 0.13 0.11
7     0.20 0.14 0.18 0.10 0.13 0.09 0.06 0.07 0.09 0.10 0.11 0.13 0.13 0.11 0.16 0.16 0.12 0.14
8     0.24 0.21 0.20 0.09 0.10 0.12 0.13 0.16 0.19 0.12 0.12 0.14 0.14 0.14 0.18 0.10 0.11 0.10
9     0.27 0.23 0.20 0.13 0.16 0.13 0.07 0.06 0.07 0.12 0.11 0.12 0.06 0.07 0.08 0.09 0.10 0.11
10     0.14 0.17 0.16 0.19 0.16 0.19 0.13 0.14 0.12 0.13 0.14 0.12 0.12 0.08 0.10 0.12 0.12 0.14
11     0.19 0.17 0.18 0.17 0.18 0.14 0.15 0.16 0.16 0.16 0.13 0.13 0.09 0.06 0.07 0.10 0.11 0.11
12        * * * * * * 0.11 0.13 0.10 0.15 0.14 0.08 0.08 0.09 0.08 0.15 0.13 0.13
13     0.26 0.28 0.26 0.11 0.15 0.12 0.05 0.04 0.05 0.13 0.12 0.11 0.12 0.13 0.14 0.11 0.14 0.12
14     0.20 0.23 0.20 0.15 0.15 0.11 0.12 0.16 0.15 0.09 0.07 0.09 0.15 0.13 0.16 0.08 0.11 0.09
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Table 11. Average Orthophosphate (as PO43-) Loading Data (mg/sec)  
 
 
 
                    
SITES             MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB
1 68.64      53.90 67.74 57.87 34.24 5.30 *  *  23.25 93.87 42.22 79.68 
2             125.22 58.33 91.24 50.83 24.76 28.89 69.85 25.94 25.83 32.36 25.44 88.00
3          88.36 134.55 142.54 143.32 51.10 80.60 29.04 30.88 64.03 92.69 45.22 72.80
4            65.55 83.25 77.35 40.50 55.13 76.27 54.53 69.56 13.98 139.97 59.21 41.14
5             35.83 70.83 92.53 27.44 14.81 55.00 36.40 16.38 39.36 51.57 43.68 40.44
6             35.10 54.00 87.04 21.39 38.40 99.12 31.17 20.94 27.23 64.00 50.38 50.31
7             16.22 17.68 34.22 23.92 11.00 22.40 14.03 9.60 18.15 58.03 19.45 56.70
8             10.76 22.94 62.90 12.83 10.22 4.50 2.91 6.78 24.32 31.92 25.91 22.22
9             13.42 49.95 43.63 18.58 5.33 0.70 3.36 3.36 6.50 34.13 10.67 14.93
10             20.04 27.50 62.37 18.10 59.22 6.68 8.12 9.36 11.56 20.48 12.60 34.66
11             19.68 16.15 75.81 8.01 2.04 1.61 9.18 0.95 4.95 35.47 4.75 16.21
12           8.79 17.76 48.00 12.80 8.38  * * *  6.80 18.56 9.17 24.60
13             15.46 34.17 23.54 20.58 19.52 10.40 6.60 2.79 7.12 34.45 24.27 31.53
14             9.37 1.69 3.50 2.37 2.13 0.77 1.83 0.10 1.86 4.88 13.75 4.98
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Table 12. Hardness Concentration Data (mg as CaCO3/L)  
  MAR APR MAY JUN JUL AUG 
SITES                   A B C A B C A B C A B C A B C A B C
1 154.3 161.0 162.4 190.0 188.0 188.0 146.0 160.0 150.0 199.5 212.8 201.4 199.5 205.2 191.9 186.2 190.0 188.1
2 147.6 150.3 144.9 180.0 176.0 182.0 144.0 144.0 142.0 195.7 193.8 197.6 195.7 190.0 191.9 180.5 172.9 161.5
3 134.2 134.2 134.2 170.0 172.0 180.0 134.0 142.0 138.0 180.5 178.6 177.7 182.4 183.4 178.6 184.3 190.0 153.9
4 127.5 123.5 127.5 170.0 172.0 166.0 138.0 142.0 134.0 161.5 172.9 173.9 190.0 180.5 176.7 176.7 178.6 174.8
5 120.8 120.8 127.5 160.0 158.0 162.0 130.0 138.0 136.0 178.6 182.4 174.8 178.6 182.4 184.3 182.4 181.5 165.3
6 111.4 120.8 114.1 132.0 126.0 122.0 122.0 112.0 120.0 150.1 150.1 153.9 161.5 155.8 153.9 157.7 171.0 165.3
7 107.4 108.7 107.4 120.0 120.0 122.0 102.0 108.0 105.0 152.0 155.8 152.0 160.6 171.0 161.5 152.0 155.8 159.6
8   100.7 100.7 98.0 100.0 100.0 110.0 78.0 80.0 83.0 136.8 133.0 134.9 150.1 143.5 148.2 148.2 157.7 161.5
9  56.4 69.8 75.2 86.0 88.0 86.0 72.0 70.0 70.0 115.9 108.3 108.3 116.9 118.8 121.6 115.9 133.0 134.9
10    73.8 67.1 67.1 80.0 76.0 76.0 70.0 69.0 64.0 95.0 93.1 96.9 114.0 117.8 117.8 125.4 131.1 119.7
11     47.0 53.7 53.7 60.0 60.0 60.0 58.0 60.0 58.0 95.0 96.0 87.4 114.0 119.7 112.1 125.4 112.1 129.2
12    33.6 40.3 34.9 30.0 36.0 36.0 32.0 31.0 32.0 53.2 58.9 68.4 76.0 66.5 74.1       
13     26.8 28.2 26.8 16.0 12.0 10.0 12.0 16.0 16.0 34.2 28.5 30.4 36.1 36.1 38.0 41.8 40.9 43.7
14                2.7 1.3 2.7 6.0 10.0 8.0 8.0 8.0 7.0 11.4 9.5 7.6 9.5 9.5 8.6 1.9 3.8  
  SEP OCT NOV DEC JAN FEB 
SITES                   A B C A B C A B C A B C A B C A B C
1 191.9 193.8 161.5 *   * *  205.2 193.8 199.5 134.9 146.3 142.5 153.9 163.4 157.7 182.4 186.2 184.3
2 186.2 193.8 155.8 191.9 180.5 169.1 209.0 201.4 205.2 148.2 144.4 146.3 155.8 157.7 156.8 178.6 174.8 176.7
3 171.0 180.5 142.5 174.8 180.5 178.6 199.5 190.0 184.3 136.8 134.9 136.8 159.6 152.0 153.9 167.2 153.9 163.5
4 182.4 184.3 178.6 182.4 186.2 184.3 191.9 188.1 184.3 129.2 138.7 134.9 152.0 155.8 148.2 163.4 174.8 165.3
5 184.3 190.0 191.9 186.2 184.3 186.2 186.2 188.1 182.4 140.6 136.8 144.4 153.9 152.0 148.2 157.7 153.9 155.8
6 152.0 161.5 153.9 154.9 161.5 163.4 161.5 163.4 155.8 115.9 108.3 110.2 146.3 148.2 150.1 133.0 131.1 125.4
7 167.2 161.5 155.8 163.4 165.3 168.2 163.4 152.0 165.3 112.1 110.2 108.3 142.5 152.0 144.4 121.6 117.8 117.8
8 157.7 159.6 167.2 161.5 157.7 162.5 142.5 148.2 165.3 91.2 96.9 95.0 133.0 123.5 125.4 98.8 96.9 102.6
9 142.5 146.3 136.8 138.7 140.6 140.6 119.7 116.9 131.1 77.9 76.0 76.0 106.4 98.8 96.9 91.2 *  95.0
10 129.2 131.1 123.5 129.2 131.1 131.1 123.5 117.8 115.9 87.4 68.4 68.4 96.9 96.0 91.2 74.1 76.0 77.9
11 123.5 115.9 114.0 104.5 106.4 112.1 104.5 108.3 112.1 47.5 43.7 43.7 72.2 76.0 74.1 57.0 55.1 60.8
12 *  *  *  *  *   * 64.6 58.9 55.1 28.5 26.6 26.6 47.5 45.6 47.5 36.1 38.0 38.0
13       45.6 43.7 47.5 38.0 39.9 38.0 15.2 17.1 15.2 9.5 7.6 9.5 17.1 15.2 19.0 19.0 17.1 17.1
14                   9.5 9.5 7.6 1.9 5.7 5.7 5.7 1.9 1.9 1.9 0.0 1.9 7.6 7.6 9.5 5.7 7.6 7.6
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Table 13.  Average Hardness Loading Data (mg as CaCO3/sec) 
 
SITES             MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB
1 74847.81 69807.90 36771.84 57278.67 44413.56 5643.00 * * 51537.50 124285.33 50138.89 107446.90
2 84143.40 112977.90 54488.33 48925.00 42068.53 28605.56 48607.78 30540.60 51300.00 88755.33 49846.50 106020.00
3 49654.00 189660.00 47210.53 124078.71 79475.10 65496.80 26083.20 43379.38 87481.55 86057.33 61911.50 125970.00
4 35321.44 115144.40 35190.00 38118.75 86184.00 77748.00 57183.79 101202.82 18339.75 104405.76 46548.48 82861.71
5 33214.50 100800.00 54175.82 29409.47 28840.31 52915.00 29442.40 32566.95 60865.87 67970.06 50859.20 72706.67
6 32315.36 102602.70 45312.00 17659.44 37696.00 82992.00 26486.00 25119.71 34450.17 45534.13 60539.70 50245.50
7 11858.81 30167.50 17388.00 27492.21 12326.25 32718.00 13075.04 14905.50 39660.95 56422.40 21339.32 48222.00
8 10973.09 26865.80 29722.10 14839.00 12536.87 4674.00 2170.56 10532.08 23104.00 23780.40 21513.70 21378.17
9   6039.00 35534.70 19270.50 14364.00 4643.60 479.75 2042.88 3359.20 11948.63 22415.25 16112.00 26068.00
10    8320.40 21652.40 21461.06 9212.12 44049.60 2700.28 6631.60 6784.27 10583.70 11770.50 11930.10 20793.60
11     5658.77 11400.00 19061.23 4369.25 1901.90 806.74 6007.80 628.06 3424.45 11391.56 4801.68 8760.27
12       2174.04 7480.00 7600.80 3610.00 2707.50 * * * 3572.00 4098.07 5155.33 6726.00
13       2455.86 3167.50 1786.29 4561.90 3526.40 2527.00 1128.60 849.93 2414.58 2545.62 3192.00 4533.82
14             111.83 240.00 153.40 125.18 102.85 11.12 77.46 3.33 41.17 74.10 771.88 371.56
          * Missing data 
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Table 14.  Alkalinity Concentration Data (mg as CaCO3/L)  
  MAR APR MAY JUN JUL AUG 
SITES A            B C A B C A B  C A B C A B  C A B  C
1 190.0 190.0 188.0 164.0 160.0 164.0 142.0 152.0 150.0 196.0 200.0 204.0 208.0 220.0 209.0 210.0 182.0 204.0
2 190.0 190.0 192.0 162.0 160.0 156.0 142.0 142.0 143.0 200.0 204.0 210.0 220.0 210.0 206.0 202.0 204.0 208.0
3 178.0 174.0 176.0 148.0 150.0 148.0 128.0 132.0 136.0 191.0 194.0 196.0 202.0 192.0 190.0 192.0 192.0 190.0
4 180.0 174.0 174.0 154.0 150.0 146.0 131.0 130.0 133.0 186.0 190.0 188.0 204.0 202.0 202.0 192.0 198.0 194.0
5 172.0 168.0 170.0 146.0 142.0 144.0 130.0 132.0 126.0 188.0 194.0 188.0 185.0 196.0 194.0 196.0 204.0 198.0
6 140.0 144.0 144.0 118.0 118.0 124.0 100.0 100.0 105.0 160.0 160.0 170.0 160.0 164.0 166.0 163.0 168.0 169.0
7 148.0 140.0 142.0 114.0 116.0 116.0 102.0 100.0 106.0 156.0 158.0 156.0 160.0 166.0 170.0 170.0 173.0 170.0
8 122.0 122.0 124.0 94.0 90.0 90.0 80.0 78.0 78.0 134.0 144.0 140.0 163.0 164.0 160.0 170.0 166.0 172.0
9 100.0 102.0 100.0 82.0 80.0 82.0 65.0 64.0 68.0 106.0 116.0 114.0 129.0 130.0 136.0 144.0 150.0 140.0
10 96.0 96.0 96.0 86.0 84.0 90.0 60.0 63.0 62.0 106.0 105.0 106.0 128.0 126.0 132.0 142.0 144.0 148.0
11    70.0 74.0 74.0 62.0 58.0 58.0 42.0 44.0 42.0 92.0 94.0 96.0 133.0 126.0 130.0 122.0 130.0 134.0
12    56.0 52.0 52.0 32.0 34.0 36.0 30.0 28.0 26.0 64.0 66.0 63.0 84.0 82.0 85.0       
13     24.0 26.0 24.0 12.0 14.0 12.0 16.0 12.0 34.0 32.0 34.0 46.0 45.0 42.0 50.0 50.0 52.0
14     8.0 6.0 6.0 4.0 4.0 4.0 8.0 7.0 10.0 14.0 16.0 12.0 12.0 10.0 12.0 10.0 14.0   
  SEP     OCT     NOV     DEC     JAN     FEB     
SITES A B               C A B C A B C A B C A B C A B C
1 201.0 196.0 196.0  *  *  * 206.0 212.0 204.0 142.0 152.0 148.0 190.0 188.0 191.0 172.0 168.0 170.0
2 200.0 204.0 209.0 206.0 200.0 200.0 204.0 202.0 211.0 156.0 156.0 158.0 188.0 184.0 186.0 166.0 174.0 170.0
3 200.0 190.0 200.0 194.0 185.0 201.0 200.0 196.0 198.0 152.0 142.0 142.0 172.0 174.0 172.0 158.0 150.0 150.6
4 194.0 190.0 200.0 202.0 196.0 194.0 196.0 198.0 190.0 141.0 138.0 138.0 172.0 173.0 172.0 150.0 152.0 154.0
5 198.0 196.0 192.0 200.0 201.0 202.0 196.0 190.0 196.0 143.0 154.0 150.0 172.0 173.0 170.0 148.0 150.0 148.0
6 164.0 168.0 168.0 160.0 168.0 171.0 158.0 161.0 160.0 113.0 112.0 113.0 140.0 171.0 144.0 132.0 116.0 116.0
7 170.0 166.0 161.0 166.0 169.0 172.0 156.0 160.0 156.0 112.0 114.0 112.0 140.0 142.0 138.0 116.0 114.0 116.0
8 168.0 170.0 160.0 162.0 160.0 170.0 150.0 141.0 152.0 90.0 91.0 90.0 122.0 123.0 120.0 94.0 96.0 96.0
9 148.0 149.0 150.0 146.0 150.0 156.0 124.0 125.0 122.0 82.0 83.0 80.0 100.0 98.0 100.0 83.0 * 86.0
10 146.0 144.0 142.0 140.0 140.0 139.0 111.0 120.0 118.0 66.0 70.0 68.0 88.0 92.0 90.0 68.0 74.0 72.0
11 128.0 134.0 130.0 130.0 124.0 124.0 112.0 114.0 115.0 50.0 49.0 51.0 74.0 78.0 78.0 56.0 57.0 58.0
12  * * * *     * * 52.0 * 50.0 28.0 30.0 30.0 44.0 44.2 45.0 36.0 35.0 34.0
13     54.0 50.0 52.0 52.0 54.0 51.0 24.0 26.0 25.0 10.0 12.0 14.0 24.0 21.0 21.0 12.0 14.0 13.0
14     12.0 13.0 11.0 14.0 14.0 10.0 8.0 9.0 8.0 8.0 10.0 8.0 8.0 8.0 6.0 7.0 6.0 6.0
16.0
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Table 15.  Average Alkalinity Loading Data  (mg as CaCO3/sec) 
         
SITES             MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB
1 88985.1 60187.90 35804.16 56000.00 47420.37 5960.10 *  * 53561.11 129653.33 60061.11 99110.00
2 109440 100377.90 54108.17 51167.50 46322.00 34111.67 55610.45 34178.40 51416.67 95044.44 59148.00 102000.00
3 65120 162050.30 45157.89 134310.15 85265.46 71174.76 31152.53 47125.00 90561.24 91850.67 68894.00 120640.00
4 49280 102000.00 33489.15 42300.00 95761.58 85654.80 61243.18 108359.68 18980.00 108086.40 52775.36 75044.57
5 45900 90720.00 52027.61 31286.67 30411.64 59799.00 30471.48 35275.50 63632.00 72030.86 57680.00 69377.78
6 39947.6 97200.00 39041.28 19055.17 39199.20 84001.68 28333.90 26127.64 34328.33 46024.33 61955.83 46956.00
7 15766.3 28832.50 17002.15 28102.68 12399.75 35910.00 13412.64 15210.00 38943.15 57685.33 20420.40 46710.00
8 13493.7 23745.80 29107.90 15326.30 13820.78 5079.90 2231.04 10758.40 22445.33 22764.00 20561.67 20496.67
9   9060.3 33345.30 17907.09 14515.20 5135.13 542.51 2145.60 3616.00 12057.50 23887.50 15893.33 23660.00
10   11520 24267.60 19558.20 10246.79 48637.26 3115.23 7464.44 7262.67 10340.74 10710.00 11340.00 19516.80
11     7993.7 11272.70 13863.01 4426.55 2139.56 849.22 6664.17 735.00 3594.14 12666.67 4968.00 8664.00
12       3199.8 7480.00 6720.00 3859.80 3137.63 * * * 3060.00 4414.08 4840.00 6300.00
13       2220.3 3167.50 1786.29 4899.51 4255.68 3040.20 1287.00 1151.33 3812.50 3445.20 4106.67 3323.67
14            333.5 120.00 166.60 184.47 126.90 46.80 104.83 9.50 108.33 507.00 687.50 337.78
        * Missing data 
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Table 16.  Optical Brighteners Data (FU) 
  MAR APR MAY JUN JUL AUG 
SITES                A B C A B C A B C A B C A B C A B C
1 9                  11 9 12 14 13 13 14 14 17 17 17 18 20 21 12 13 14
2                   9 9 9 12 13 10 12 11 13 14 15 14 19 20 20 11 10 11
3                   9 8 9 10 11 13 11 10 12 13 13 14 18 16 16 11 10 10
4                   9 7 9 10 13 12 13 13 12 12 11 11 16 15 17 9 10 9
5                   8 7 6 10 8 9 15 14 13 10 10 10 12 14 11 7 8 7
6                   9 7 6 9 8 9 13 12 14 5 6 6 6 7 6 3 3 4
7                   3 4 3 9 8 9 15 13 13 5 5 6 6 7 6 4 5 4
8                   7 6 7 10 10 8 13 15 14 11 11 10 9 8 8 8 10 10
9                   10 9 9 11 11 10 13 14 12 11 10 10 12 12 13 14 14 15
10                   7 6 6 12 10 8 11 11 10 9 8 9 6 6 5 7 6 7
11                   8 7 8 13 13 12 18 16 16 16 15 16 8 9 9 9 10 9
12                     9 8 8 12 11 13 17 19 19 22 23 23 18 19 18  * * *
13                   9 10 9 13 15 15 17 18 17 23 23 24 17 20 17 16 15 15
14                  10 11 11 18 18 19 21 19 20 26 28 28 28 25 26 23 26 *
                                      
  SEP OCT NOV DEC JAN FEB 
SITES                   A B C A B C A B C A B C A B C A B C
1  * *  *   * *  *  18 18 17 31 32 32 9 10 9 4 5 3 
2                 11 10 10 14 14 13 17 17 18 27 26 25 9 8 9 4 5 3
3                   10 9 9 12 12 11 16 16 15 25 26 25 8 7 8 3 3 4
4                   10 9 10 13 12 11 15 15 14 26 23 23 7 8 7 2 3 2
5                   7 7 8 9 10 10 14 13 13 20 22 20 5 6 5 1 2 1
6                   4 4 3 5 4 4 10 9 10 18 18 17 7 7 5 1 1 0
7                   2 3 3 5 4 5 13 12 14 17 19 18 6 8 6 1 1 2
8                   8 8 7 10 9 10 18 17 18 17 18 18 8 8 10 2 2 1
9                   13 14 14 18 17 17 18 19 19 19 19 18 8 10 10 1 * 2
10                   6 7 7 9 9 10 12 13 13 17 16 16 7 7 8 1 0 1
11                   9 8 9 12 11 12 15 16 15 22 21 21 8 8 9 1 1 2
12  * *  *   * *  *  29 29 28 22 22 23 11 11 10 2 3 2 
13                   13 13 14 18 19 18 30 29 30 23 23 25 11 11 10 3 3 4
14                   20 21 20 26 29 27 33 35 35 23 25 27 12 13 12 4 5 6
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Table 17.  Biochemical Oxygen Demand Concentration Data (mg/L O2)  
  MAR APR MAY JUN JUL AUG 
SITES A B                 C A B C A B C A B C A B C A B C
1 5.90 5.20 4.20         2.50 3.53 2.50 3.30 2.70 3.05 8.80 8.40 9.20  * *  *  18.60 15.00 24.00
2          3.50 3.20 3.90 2.01 3.32 3.30 2.30 1.50 2.40 8.40 8.80 8.80  * *  *  15.60 10.50 21.00
3           5.80 5.30 4.70 2.00 3.00 2.01 1.90 2.10 2.10 8.40 9.20 8.00 12.30 9.60 11.40 13.20 12.60 14.40
4         5.30 5.10 4.60 3.15 3.22 2.91 2.50 1.70 2.10 11.60 8.80 9.40  * *  *  12.60 12.00 18.00
5          5.60 2.40 4.50 3.27 3.29 2.65 2.30 1.50 2.70 8.80 8.60 8.00 17.40 17.70 15.00 17.40 18.60 26.40
6          7.30 6.30 6.40 2.00 2.00 1.88 2.50 2.80 2.15 8.60 8.40 8.40 13.20 15.60 12.00 12.60 12.00 20.40
7          5.20 5.10 3.90 1.98 2.07 1.97 2.00 2.20 2.10 8.40 8.00 9.20 16.20 19.80 15.00 13.20 13.80 17.40
8            4.30 5.80 6.20 2.62 2.21 2.09 2.20 1.90 2.10 8.00 8.40 8.40 13.20 17.40 9.00 6.00 12.00 13.20
9         6.40 3.80 5.60 2.27 2.32 1.88 2.20 1.50 2.60 9.20 10.00 8.80 10.80 10.20 10.80 12.60 12.00 19.20
10         4.80 5.80 4.70 2.08 2.14 1.99 2.30 2.00 1.70 8.80 8.40 8.00  * *  *  22.20 27.60 30.00
11          2.85 2.50 2.90 1.75 2.36 2.28 2.50 2.05 2.30 2.20 2.30 3.60 12.60 12.60 10.20 13.80 12.60 13.20
12          5.60 4.20 4.70 1.74 1.69 2.68 2.05 2.10 2.10 2.50 1.80 2.20 16.20 15.60 18.00  * *  *  
13          3.20 2.90 4.00 2.35 2.15 2.42 2.10 2.20 2.40 2.50 2.30 2.30 15.60 17.40 21.00 12.00 14.40 14.40
14          5.90 5.50 5.10 3.60 3.28 2.57 2.35 2.10 2.55 2.10 2.20 3.40 19.80 20.40 16.80 12.90 13.80 16.20
  SEP OCT NOV DEC JAN FEB 
SITES A B                 C A B C A B C A B C A B C A B C
1 1.10 1.20 2.70  * *  *  2.24 2.60 2.81 2.09 3.10 3.37 1.78 1.82 1.77 2.62 2.91 3.21
2 1.30 2.10 2.30 12.36 11.22 12.30 3.83 1.80 3.10 3.37 3.80 3.63 2.21 2.20 2.50 2.60 2.87 3.19
3 1.55 1.30 1.10 14.40 12.36 22.32 2.70 2.47 3.00 3.68 2.48 2.51 2.65 2.68 2.97 2.97 3.01 3.74
4 1.20 1.30 1.60 12.54 12.42 13.38 2.91 2.25 3.98 2.14 3.58 2.10 2.89 2.42 2.97 3.31 3.28 3.09
5 2.50 2.30 1.40 12.72 13.02 13.50 2.90 2.75 3.35 2.06 4.58 3.60 3.07 2.86 2.77 2.74 2.89 2.93
6 1.10 1.00 1.20 12.42 12.84 12.96 4.04 3.66 3.55 4.30 4.31 3.61 2.39 2.20 2.49 3.28 3.01 2.93
7  * 1.50 2.00 12.00 12.60 11.94 3.17 3.40 4.42 3.16 2.10 2.99 2.66 2.64 2.12 3.15 3.06 3.16
8 2.00 2.20 2.50 12.42 14.22 17.10 2.20 2.56 3.34 4.60 2.96 3.00 2.54 2.77 2.74 3.87 3.39 3.45
9 1.20 1.10 1.10 12.12 12.66 12.96 4.14 2.76 3.67 4.52 3.51 4.22 2.92 3.44 3.26 3.43 0.00 3.47
10 1.50 2.60 1.30 12.36 13.20 12.06 2.23 2.91 3.38 2.07 2.15 1.50 2.57 3.08 2.55 3.09 3.15 3.28
11 1.00 1.30 1.40 12.78 14.22 8.04 2.35 1.40 1.29 2.16 1.92 2.93 2.63 2.57 2.78 2.86 3.17 2.87
12  * *  *   * *  *  3.61 2.50 2.22 2.02 1.55 2.01 3.33 3.30 2.98 3.02 3.27 3.15
13 1.80 1.10 1.00 12.66 8.04 13.02 14.76 14.58 16.14 2.10 2.07 1.54 3.01 3.28 3.71 3.26 3.61 2.98
14 2.00 0.90 0.40 12.48 11.82 12.60 16.50 15.18 14.10 2.27 2.88 2.30 3.80 3.46 3.51 3.52 3.76 3.83
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Table 18. Average Biochemical Oxygen Demand Loading Data (mg/sec)  
 
 SITES             MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB
1 2386.80    1043.70 730.60 2464.00 * 576.00 * * 658.75 2508.00 * 1696.53
2 1353.17     1862.50 786.93 2167.50 * 2616.67 516.80 2023.63 727.50 2184.00 731.40 1734.00
3 1940.14  2640.00 694.47 5915.56 4861.80 4984.80 208.03 3987.75 1244.07 1826.48 1105.23 2527.20
4 1425.00    2160.00 535.50 2234.25 * 6248.00 430.50 7017.75 297.38 2029.54 845.22 1594.70
5 1120.69    1987.50 872.96 1394.73 2649.73 6060.00 322.40 2295.54 984.00 1648.49 974.40 1330.00
6 1898.38     1644.30 952.32 988.17 3264.00 7560.00 187.00 2001.20 806.25 1662.60 964.06 1188.09
7 511.50    525.47 347.76 1530.07 1275.00 3108.00 * 1096.20 905.92 1408.00 360.27 1263.60
8 604.38          632.65 765.90 909.70 1123.85 312.00 29.03 956.45 410.40 887.04 452.92 767.55
9 461.13         903.15 572.63 1209.17 413.40 54.75 15.87 301.92 343.20 1194.38 513.60 644.00
10 697.00       588.50 634.29 814.55 *  * 93.60 652.08 252.44  * 343.98 867.31
11 338.25           426.46 740.75 127.15 194.70 87.12 62.90 68.13 53.12 591.96 172.37 451.44
12 296.24          468.42 499.20 130.20 622.50 * * * 166.80 * 352.00 567.00
13 294.88         597.50 271.54 348.39 1728.00 816.00 32.50 247.28 * * 621.60 838.59
14 315.65            102.08 54.35 33.86 212.80 55.77 9.90 9.23 * 145.28 336.56 197.33
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Appendix C: Formulas 
 
 
 
 
Flow (m3/sec) = Width (m) *  Depth (m) *  Velocity (m/sec) 
 
Loadings in mg/sec = Concentration (mg/L)  *  Flow (m3/sec) *  1000 L/m3 
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 Appendix D: Control Charts 
 
 
 
 
 
Figure 18.   Orthophosphates (as PO43-) Reagent Blank Control Chart. 
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 Figure 1 .  Nitrate-N Standard Control Chart. 9
 
 
 
 
Figure 2 . Orthophosphate (as PO0 43-) Standard Control Chart 
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